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INTRODUCTION

In Part VII (March 1971) of our report series relative to the

Donald C. Cook Nuclear Power Station, the following report format

was established:

A. COOK PLANT PREOPERATIONAL STUDIES

A.

1

Recording of Local Water Temperatures
A.

2

Study of Floating Algae and Bacteria
A.

3

Development of a Monitor for Phytoplankton
A. 4 Study of Attached Algae
A.

5

Study of Zooplankton
A.

6

Study of Aquatic Macrophytes
A.

7

Study of Benthic Organisms
A.

8

Study of Local Fishes
A.

9

Support of Aerial Scanning
•A. 10* Study of Entrainment and Impingement

B. SURVEYS OF EXISTING WARM WATER PLUMES

C. THE ICE BARRIER AT THE COOK PLANT SITE

D. EFFECTS OF EXISTING THERMAL DISCHARGES ON LOCAL ICE BARRIERS

E. EFFECTS OF RADIOACTIVE WASTES IN THE AQUATIC ENVIRONMENT

E.l Gamma Scan of Bottom Sediments
E.2 The Most Sensitive Organisms for Concentrations of

Radwastes
E.3 Study of Lake Michigan's Present Radioactivity

Content (FINISHED)

This format remains applicable and in use. Different timing of

incoming results requires that some parts of the format be reported at

times different from the reporting of others. in addition, some of the

parts will attain bulk sufficient to require separate reporting. In

general this report constitutes an "annual report" of the year's activities.

*A.10 is an addition to the annual report format.
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A. COOK PLANT PREOPERATIONAL STUDIES 1972

A.l Recording of Local Water Temperatures

John C. Ay^rs

Daily minimuin and maximum water temperatures are collected by Indiana

and Michigan personnel from an array of thermistors installed at the Cook

Plant site and at the water treatment plants of Benton Harbor and St. Joseph.

The Benton Harbor intake is 3,375 feet from shore and in 40 feet of depth;

the St. Joseph intake is 1,490 feet from shore and in 19 feet of water.

The Cook Plant installation consists of a thermistor equipped submarine

cable extending into the lake at the north edge of the plant property. Two

of the five thermistors are located approximately 300 feet from shore; the

rest are 2,500 feet from shore. At the 300 foot position the thermistors

are held by subsurface floats at water depths of 2 feet and 4 feet; at the

2,500 foot position the thermistors are similarly held at water depths of

2, 12, and 17 feet.

The thermistors at the plant have had a record of varying degree of out-

age. The array was activated on 3 May 1972 but was taken out of service on

18 May when the cable broke at the junction box, apparently because the ca-

ble was rubbing against a float. Restored on 31 May, the thermistors at the

300 foot position were put out of commission during a lightning storm on 2

June and remained inoperable for the rest of the summer. The thermistors

at the 2,500 foot position were out of order from 19 July through 23 July,

and the one at 17 feet of depth proved irreparable and was out of action for

the rest of the summer.

The system was removed for inspection and repair in October. Inspection

showed that the solid conductor lead wires to the thermistors were broken.



presumably resulting from the flexing caused by wave action on the submerged

floats. Lightning damage was not proved, but we have suggested that light-

ning protection be incorporated into the system that will be installed in

the spring of 1973.

Water temperatures through March 1972 have been reported in Part X of

the Cook Plant report series. Table 1 reports temperatures collected since

April 1972.

Table 2 presents the daily natural temperature variations in their raw

water from the records of the Benton Harbor and St. Joseph water filtration

plants. These variations are the differences between the daily minima and

maxima of raw water temperatures at the plants. The daily temperature var-

iations at these plants have been grouped by 3 F increments of variation and

by numbers of occurrences by days in the months of January through December

for the years 1970, 1971, and 1972. The bottom row of the table, headed "2-

Plant Monthly Fraction," gives the ratio of the numbers of days when the nat-

ural temperature variations of 3 F or more were recorded to the 2-plant num-

ber of total record days for the months and years involved.

Table 3 presents similar data from the thermistors at the 2 and 12 foot

depths at the 2,500 foot position in the Cook Plant temperature sensing sys-

tem. The bottom line of Table 3, headed "2-Depth Monthly Fraction," gives

the ratio of the number of days when natural temperature variations of 3 F

or more were recorded to the 2-depth number of total record days for the

months and years involved.

Table 4 reduces the monthly fractions of Tables 2 and 3 to percentage

of days in which the natural water temperature variations of 3 F or more

were recorded in the Cook Plant Region.
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Table 1, Daily minimum and maximum Lake Michigan water temperatures at the Cook

Plant site and at the Benton Harbor (BH) and St. Joseph (SJ) water plant intakes.

Whole degrees Fahrenheit. Note: Blank spaces indicate that no data were obtained,

COOK PLANT BH SJ

Offshore 300 Ft.

Ft. 4 Ft.

2500 Ft. 3375 Ft.

40 Ft.

149(

19 :

3 Ft.

Depth 2 2 Ft. 12 Ft. 17 Ft. Ft.

APRIL 1972

DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN 1MAX MIN ]MAX

1 36 37 34 37

2 36 38 35 36

3 38 39 36 38

4 37 38 36 40

5 37 40 37 38

6 39 39 37 38

7 37 38 38 41

8 37 37 37 38

9 37 40 37 38

10 40 41 38 38

11 39 41 38 43

12 39 40 39 43

13 40 43 39 43

14 40 42 42 44

15 40 41 41 43

16 41 42 42 43

17 40 43 42 43

18 43 45 42 45

19 44 45 45 45

20 43 45 42 45

21 43 44 42 42

22 44 45 42 43

23 45 46 43 44

24 46 46 43 48

25 44 45 44 45

26 44 45 44 46

27 46 47 42 46

28 44 45 42 45

29 43 44 44 44

30 43 44 44 45

MIN 36 37 34 36

AVE

46
41

47
42

45
40

48
42

*Average temperature rounded to nearest whole degree Fahrenheit
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Table 1, cont'd.

COOK PLANT BH SJ

Offshore

2

300

Ft.

Ft.

4 Ft.

2500' Ft. 3375 Ft.

40 Ft.

149

19

Ft.

Depth 2 Ft. 12 Ft. 17 Ft. Ft.

MAY 1972

DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

1

2
OUT OF ORDER

44
47

47

47
43
45

45
47

3 45 48 47 48 45 47 45 47 45 45 47 47 45 46

4 45 46 46 52 45 48 47 52 46 48 46 47 45 47
5 45 47 45 48 45 53 45 47 45 53 46 47 45 46

6 47 51 46 48 47 52 47 50 47 51 46 48 46 49

7 46 47 46 49 46 49 46 49 46 49 47 49 45 48
8 45 48 44 46 45 48 45 48 47 48 45 47 45 46

9 44 49 44 46 45 48 45 47 45 49 45 46 45 46
10 43 54 42 44 43 59 43 48 43 53 46 47 45 47

11 47 58 42 44 45 58 42 47 47 57 46 46 45 47

12 45 50 41 46 42 50 43 47 42 50 45 45 45 47

13 45 48 43 47 46 48 43 46 46 48 46 47 47 48

14 46 47 46 49 46 48 45 48 46 48 48 50 48 49

15 46 49 46 47 46 48 45 48 46 49 50 51 49 49
16 46 50 45 47 46 50 46 49 46 47 50 51 49 50

17 47 50 46 47 47 50 47 49 48 54 49 50 49 50
18 48 49 49 49

19 46 47 45 49

20 45 46 44 49
21 45 47 48 50
22 46 47 45 49

23 45 49 44 48
24 OUT OF ORDER 45 47 44 46
25 45 45 43 46
26 44 45 43 44
27 43 44 43 46
28 45 48 45 50
29 48 52 49 55
30 53 56 54 57

31 47 53 47 52 49 52 47 52 49 52 50 56 48 55

MIN 43 46 41 44 42 47 42 46 42 45 43 44 43 44
MAX^ 47 58 47 52 49 59 47 52 49 57 53 56 54 57
AVE 46 50 45 48 46 51 45 48 46 50 47 48 46 48
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Table 1, contM.

COOK PLANT BH SJ

Offshor(e

2

300

Ft.

Ft.

4 Ft.

2500 Ft. 3375 Ft.

40 Ft.

149(

19 :

Ft.

Depth 2 Ft. 12 ;Ft. 17 Ft. Ft.

JUNE 1972

DATE MIN MAX MIN MAX MIN MAX MIN ]MAX MIN :MAX MIN 1MAX MIN 1MAX

1 51 56 50 56 56 60 50 53 50 54 51 54

2 55 61 52 58 54 60 52 58 55 58 54 55 51 54

3 55 59 58 66 53 57 57 61

4 53 62 53 59 53 61 57 59 57 61

5 51 60 50 55 51 60 55 58 55 57

6 55 59 51 60 54 60 57 58 53 59

7 51 59 49 51 50 59 51 56 50 53

8 51 58 50 58 52 58 51 58 52 59

9 56 59 55 59 55 59 54 61 58 62

10 44 57 45 57 47 57 51 60 47 61

11 45 56 44 54 44 56 48 52 45 54

12 55 60 54 60 55 60 51 56 54 56

13 58 64 57 60 58 64 56 58 56 61

14 59 66 59 64 59 66 57 61 60 63

15 61 67 60 64 62 67 61 63 61 64

16 OUT OF ORDER 52 64 50 57 58 64 58 63 55 64

17 48 55 44 53 46 58 54 58 52 56

18 44 53 44 47 48 54 50 52 50 54

19 45 58 44 49 47 57 50 53 50 53

20 56 65 51 57 51 57 57 57 52 62

21 44 58 43 55 43 55 54 58 48 60

22 43 47 42 47 42 47 49 53 48 55

23 46 49 47 49 47 49 48 51 47 50

24 47 48 47 48 47 48 47 50 48 49

25 47 48 47 48 47 48 49 49 48 48

26 48 54 48 53 48 54 49 51 49 52

27 53 55 53 55 53 55 51 54 52 54

28 55 55 54 55 54 55 54 57 54 56

29 55 68 54 61 54 61 56 57 54 57

30 55 60 54 60 54 56 55 56 54 56

MIN 51 56 50 56 43 47 42 47 42 47 47 49 45 48

MAX^ 55 61 52 58 61 68 60 64 62 67 61 63 61 64

AVE 53 59 51 57 51 58 50 56 51 57 53 56 52 57
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Table 1, cont'd.

COOK PLANT BH SJ

Offshore 300 Ft.

2 Ft. 4 Ft.

2500 Ft. 3375 Ft.

40 Ft.

149

19

Ft.

Depth 2 Ft. 12 Ft. 17 Ft. Ft.

JULY 1972

DATE iMIN MAX MIN MAX MIN MAX MIN ;MAX MIN MAX MIN MAX MIN MAX

1 55 60 53 56 53 56 56 56 56 61

2 52 59 52 59 52 59 55 58 54 60

3 51 53 49 53 49 53 51 54 49 54

4 52 53 50 53 50 53 50 53 49 53

5 51 54 50 52 50 52 52 54 53 54

6 52 57 51 56 51 56 55 58 53 54

7 54 56 51 56 51 56 56 58 54 58

8 57 57 57 59 57 59 58 59 58 59

9 57 59 57 60 58 60 59 61 59 61

10 58 60 61 61 59 61 61 62 61 61

11 59 62 59 62 59 62 61 66 61 63

12 61 65 61 65 61 65 66 67 63 68

13 63 66 64 67 64 67 64 68 68 68

14 65 67 65 67 65 67 68 69 68 70

15 65 69 66 74 65 74 69 70 70 70

16 OUT OF ORDER 64 68 64 70 65 70 69 70 68 70

17 64 68 64 70 65 70 70 71 68 71

18 67 72 66 70 67 72 60 72 69 71

19 58 67 59 70 57 58 68 69

20 59 73 68 73

21

22
OUT OF ORDER

59

58

73

73

72

74

75

76

23 67 74 76 78

24 70 73 70 73 52 57 75 77

25 52 70 52 70 49 52 52 56

26 46 48 47 59 49 53 48 52

27 44 46 44 50 46 49 45 48

28 43 45 43 45 46 46 44 46
29 43 48 43 48 45 45 43 47

30 48 50 48 50 45 48 47 50

31 50 51 49 52 48 49 50 53

MIN 43 45 43 45 49 52 45 45 43 46

MAX^ 70 73 70 74 67 74 70 74 76 78

AVE 56 59 55 60 58 62 57 61 60 62
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Cable 1, cont'd.

COOK PLANT BH SJ

)ffshore 300 Ft.

2 Ft. 4 Ft.

2500 Ft. 3375 Ft.

40 Ft.

1490 Ft.

)epth 2 Ft. 12 Ft. 17 Ft. 19 Ft.

AUGUST 1972

OATE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

26

27

28

29

30

31

MIN
MAX^
AVE

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

OUT OF ORDER

50 58

58 63

48 64

44 48
46 49

47 52

51 58

54 58

57 58

57 58

58 59

58 61
59 59

59 59

53 63

59 61

61 63

63 66

64 56

63 65

64 66

67 73

67 73

67 69

67 68

68 71

66 68

66 67

66 67

66 66

66 67

44 48

68 73

59 63

51 59

60 67

48 64

44 48
46 48

47 52

51 60

54 62

57 58

57 58

58 61

58 59

59 61

59 63

59 63
59 63

62 66

64 64

65 74

63 67

64 67

69 70

68 69

66 72

67 68

67 71
67 69

67 67

68 68
66 66

66 67

44 48

69 74
60 64

OUT
OF

ORDER

49 54
52 62

54 66

47 51
47 49

48 53

51 55

48 58

58 60
60 61
61 62

62 63
62 63

63 64

61 63

61 64

63 65

66 67

66 67

65 68

66 71

68 71

66 72

69 72

70 71

71 71

70 73

70 71

70 71

70 71

68 72

47 49

71 73

61 65

52 60

60 65

50 65

46 50

45 49

49 53

51 56

49 58

58 60

60 63

60 61

61 62

60 62

62 66

61 64

61 64

64 66

66 69

67 69

66 68

67 71

71 72

72 72

71 72

70 71

71 71

70 71

70 71

71 71

71 72

71 72

45 49

72 72
62 65
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Table 1, cont'd.

COOK PLANT BH SJ

Offshore 300 Ft. 2500 Ft. 3375 Ft.

40 Ft.

149

19

Ft.

Depth 2 Ft. 4 Ft. 2 Ft. 12 Ft. 17 Ft. Ft.

SEPTEMBER 1972

DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

1 65 67 65 67 69 72 69 72

2 55 66 53 65 52 69 53 71

3 51 55 50 54 50 53 52 53

4 51 55 50 55 50 54 51 52

5 55 59 55 59 54 66 52 63

6 58 61 59 61 65 66 65 67

7 61 66 61 67 65 66 67 67

8 62 65 62 66 66 67 67 67

9 52 66 58 62 57 67 57 67

10 56 59 55 59 57 62 56 60

11 56 60 56 63 54 63 54 60

12 56 60 56 61 54 60 53 57

13 59 59 57 62 53 62 53 62
1^+ 54 60 52 61 54 64 55 63

15 53 57 54 58 OUT 55 63 55 63

16 OUT OF ORDER 57 60 58 61 OF 62 64 63 64

17 60 61 60 62 ORDER 62 64 64 65
18 61 66 61 66 64 66 65 66

19 OUT OF ORDER 62 64 62 65
20 59 60 59 60 62 63 59 62
21 55 60 54 60 57 62 59 63
22 50 55 49 54 52 63 55 63
23 49 50 49 50 52 52 50 52

24 49 50 49 50 51 58 50 53
25 49 53 49 57 54 60 51 60
26 53 55 54 56 60 63 60 63
27 50 55 50 55 51 62 54 62
28 50 53 49 59 51 57 52 55
29 52 55 50 59 57 61 56 61
30 51 54 52 54 58 60 60 61

MIN 49 50 49 50 50 52 50 52
MAX^ 65 67 65 67 69 72 69 72
AVE 55 59 55 59 57 62 57 62



Table 1, cont'd.

COOK PLANT BH SJ

Offshore

Depth

300 Ft.

2 Ft. 4 Ft.

2500 Ft.

2 Ft. 12 Ft. 17 Ft.

3375 Ft. 1490 Ft.

40 Ft. 19 Ft.

DATE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

MIN
MAX^
AVE

OCTOBER 1972

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

SYSTEM REMOVED FOR INSPECTION AND REPAIR

[IN
,

MAX MIN MAX

58 60 57 58

57 58 56 57

57 58 56 57

57 58 57 57

58 58 57 57

57 58 57 58

58 59 58 58
58 59 57 57

58 58 56 57

57 58 56 56

57 57 56 56

57 57 56 56

57 57 55 56

57 57 55 55

56 57 55 55

56 56 54 55

55 56 53 54

54 55 52 53

52 54 51 52

53 53 52 52

53 53 51 52

53 54 51 52

53 54 52 53

53 54 52 52

53 54 51 52

52 53 51 52

53 53 51 52

53 53 51 52

53 53 51 51

52 53 50 51

52 52 50 50

52 52 50 50

58 60 58 58

55 56 54 54
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Table 1, contM.

COOK PLANT BH SJ

Offshore 300

Ft.

Ft. 250C1 Ft. 3375 Ft.

40 Ft.

149

19

Ft.

Depth 2 4 Ft. 2 Ft. 12 Ft. 17 Ft. Ft.

NOVEMBER 1972

DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

1 52 52 50 50

2 52 52 50 51

3 51 52 50 50

4 51 51 50 50

5 51 52 49 50

6 50 51 48 49

7 51 51 49 49
8 51 51 49 50

9 50 51 49 50

10 50 51 48 49
11 50 51 48 49

1.2 50 51 48 48

13 50 50 47 48

14 49 51 45 47

15 47 49 45 46
16 NOT IN OPERATION 47 47 45 46

17 47 48 44 46

18 46 47 44 45
19 45 46 43 44
20 45 46 41 43
21 45 46 44 44
22 43 46 43 44

23 43 44 41 43
24 41 43 41 42
25 41 43 41 42

26 42 43 42 43
27 41 43 40 40
28 40 42 39 40
29 40 42 38 39
30 40 41 39 40

MIN 40 41 38 39
MAX^ 52 52 50 51
AVE 47 48 45 46
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Table 1, cont'd.

COOK PLANT BH SJ

Dffshore 300 Ft. 2500 Ft. 3375 Ft. 1490 Ft,

Depth 2 Ft. 4 Ft. 2 Ft. 12 Ft. 17 Ft. 40 Ft. 19 Ft.

DECEMBER 1972

DATE MINMAX MIN MAX M™ MAX MIN MAX MIN llAX MIN MAX MIN MAX

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16 NOT IN OPERATION
17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

MIN
MAX^
AVE

39 41 37 38

39 40 38 39

40 41 39 39

40 40 38 39

40 40 38 39

39 39 35 39

38 39 36 37

38 40 33 37

39 40 36 36

38 39 35 37

36 39 34 35

36 37 34 34

36 37 34 34

35 36 34 34

35 36 34 34

35 36 32 33

35 35 33 33
34 35 32 32

34 35 32 32

34 34 32 33
34 35 33 33

35 35 33 33

34 35 33 33

34 36 33 33

35 37 33 33

35 35 33 33

35 35 33 33

35 36 33 34

35 36 33 34

35 37 34 34

36 37 35 35

34 34 32 32

40 41 39 39

36 37 34 35
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Table 1, cont'd.

COOK PLANT BH SJ

Offshore 300

Ft.

Ft. 250C» Ft. 3375 Ft.

40 Ft.

1490

19 F

Ft.

Depth 2 4 Ft. 2 Ft. 12 Ft. 17 Ft. t.

JANUARY 1973

DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

1 36 37 33 34.5
2 35 36 32.5 33.5
3 35 35 32.5 33

4 34 35 33 33.5

5 34 34 32 32.5
6 34 34 32 32.5
7 34 34 32 32.5
8 34 34 32 32.5
9 34 34 32 32.5

10 34 34 32 32

11 34 34 32 32.5
12 34 34 32 32.5

13 34 34 32 32.5
1^ 34 34 32 32.5
15 34 34 32 32.5
16 NOT IN OPERATION 34 34 32 32

17 34 34 32 32

18 34 35 32 33

19 35 36 32.5 33.5
20 35 35 32.5 34

21 35 35 33 35.5
22 35 35 33.5 34

23 35 36 33 34

24 35 36 33 33.5
25 36 36 33 33.5
26 36 36 33 34

27 36 37 33.5 34.5
28 36 37 33.5 35

29 35 36 32.5 33.5
30 35 36 32 32.5
31 35 35 32 34

MIN 34 34 32 32
MAX^ 36 37 33.5 35.5
AVE 35 35 33 33
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Table 2. Frequencies and magnitudes of natural daily temperature changes
at Benton Harbor and St. Joseph water filtration plants in 1970 through 1972,

Daily
Change

Daily

Change

JAN FEB MAR APR MAY JUN

F 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72

3-5 ND - - ND 1 - ND 2 5 ND 11 15 13 10 16 19 26 30
6-8 ND--ND1-ND--ND-- 122 695
9-11 ND--ND--ND--ND-- --- 624
12-14 ND--ND--ND--ND-- --- 312
15-17 ND--ND--ND--ND-- --- 2--
18-20 ND--ND--ND--ND-- --- 21-
21-23 ND--ND--ND--ND-- --- ---
24-26 ND-- ND-- ND-- ND-- --- -.-
27-29 ND - - ND - - ND - - ND - - - - - - - -

2-Plant
Monthly _2._2. -1_0 _2_5 Iii5 1il218 3839_41
Fraction ND 62 62 ND 56 56 ND 62 62 ND 60 60 42 58 62 60 60 59

JUL AUG SEP OCT NOV DEC

F 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72

3-5 17 17 26 16 17 21 ND 5 17 3 5 - 221 - - 2

6-8 2 112 16 72ND710 12- --- -.-..
9-11 16- 11 93 ND 4 10 --- --- --«
L2-14 -13 141ND41 --- --- ---.
L5-17 151 211ND-1 --- --- ---
L8-20 21- 22-ND-l --- --- ---
21-23 --- -.1.ND-- --- --- «--
24-26 1-- ---ND-- --- --- ---
27-29 --- ---ND-- --- --- ---
2-Plant

Monthly 24^132 4841_2I 2040 _4_7j0 _2_2_1 _0_0_2
^^raction 62 61 62 62 62 62 ND 60 60 62 62 62 60 60 60 62 62 62

ND = No data.
- = This magnitude of temperature variation was not reached.
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Table 3. Frequencies and magnitudes of natural daily temperature changes
at the 2 foot and 12 foot thermistors at the 2,500 foot position off the
Cook Plant in 1970 through 1972.

Daily
Change

Daily
Change

JAN FEB MAR APR MAY JUN

F 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72

3-5 ND - ND ND 2 ND ND 2 ND ND - ND 16 4 20 18 9 19

6-8 ND - ND ND - ND ND - ND ND - ND 232 10-16
9-11 ND - ND ND - ND ND - ND ND - ND - - - 4 18
12-14 ND - ND ND - ND ND - ND ND - ND - - 1 3 2 7

15-17 ND - ND ND - ND ND - ND ND - ND - - 1 1 - -

18-20 ND - ND ND - ND ND - ND ND - ND - - - 2 - -

21-23 ND - ND ND - ND ND - ND ND - ND - - - - - -

24-26 ND - ND ND - ND ND - ND ND - ND - - - - - -

27-29 ND - ND ND - ND ND - ND ND - ND - - - - - -

2-Depth
Monthly ^ _2 _2 _0 i8_72_i381250
Fraction ND 62 ND ND 56 ND ND 62 ND ND 62 ND 42 58 32 60 60 59

JUL AUG SEP OCT NOV DEC

F 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72 70 71 72

3-5 17 4 25 11 ND 18 9 ND 32 14 ND ND 3 ND ND 3 ND ND
6-8 268 8 ND 8 5 ND 5 1 ND ND - ND ND - ND ND
9-11 - 3 2 8 ND 3 - ND 4 2 ND ND - ND ND - ND ND
12-14 - 1 1 4 ND - 1 ND 2 - ND ND - ND ND - ND ND
15-17 - 1 - - ND 2 7 ND - - ND ND - ND ND 1 ND ND
le - 20 1 - - - ND - 2 ND - - ND ND - ND ND - ND ND
21-23 - - - -. ND - - ND - - ND ND - ND ND - ND ND
24-26 2 - - - ND - - ND - - ND ND - ND ND - ND ND
27-29 1 - - - ND - - ND - - ND ND - ND ND - ND ND

2-Depth
Monthly 23 i^ 36^ 31 31 24 « 17^ _3 _4
Fraction 62 54 54 46 ND 62 50 ND 58 64 ND ND 50 ND ND 52 ND ND

ND = No data.
- = This magnitude of temperature variation was not reached.
*2 sets of data on one day.
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Table 4. Percent of days that natural variations of 3 F or more occurred,
(From the monthly fractions of Tables 2 and 3.)

Month & Year BH - SJ COOK PLANT

Jan 1970 no data no data
1971 0.0 0.0
1972 0.0 no data

Feb 1970 no data no data
1971 3.6 3.6
1972 0.0 no data

Mar 1970 no data no data
1971 3.2 3.2
1972 8.1 no data

Apr 1970 no data no data
1971 18.3 0.0
1972 25.0 no data

May 1970 33.3 42.8
1971 20.7 12.1
1972 29.0 75.0

Jun 1970 63.3 63.3
1971 65.0 20.0
1972 69.5 84.7

Jul 1970 38.7 37.1
1971 67.2 27.8
1972 51.6 66.7

Aug 1970 77.

A

67.4
1971 66.1 no data
1972 43.5 50.0

Sep 1970 no data 48.0
1971 33.3 no data
1972 66.6 74.1

Oct 1970 6.4 26.6

1971 11.3 no data
1972 0.0 no data

Nov 1970 3.3 6.0

1971 3.3 no data
1972 1.7 no data

Dec 1970 0.0 7.7
1971 0.0 no data
1972 3.2 no data
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Tables 2, 3, and 4 depict the frequencies and magnitudes of preopera-

tional water temperature variations to which the benthos, periphyton, macro-

phyton, and psammon are naturally exposed and presumably acclimated, for

they exist in the region.
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A. 2 Study of Floating Algae and Bacteria

This portion of the report is in two sections. The first is a dis-

cussion of the monthly phytoplankton collections at the Cook Plant in 1972,

and the second is a report on Biomasses, numbers, and cell weights of Lake

Michigan phytoplankton , by John C, Ayers and Erwin Seibel, prepared in Jan-

uary 1973 as an interim report. This interim report is included here in its

entirety.

Section 1. Monthly phytoplankton collections at the Cook Plant in 1972

John C, Ayers and Erwin Seibel

Seasonal surveys of phytoplankton in the Cook Plant area were carried

out in April (54 station grid of sampling stations), July (36 station grid),

and October (36 station grid). The data from these are not yet available

and will be reported later. The seasonal surveys are aimed at the determin-

ation of any species composition changes over the long term. The monthly

surveys presented here are concerned with temporal variations observed in

1972 under natural preoperational conditions.

From April through November 1972, monthly phytoplankton collections were

carried out on a seven to nine station grid of sampling stations in front of

the Cook Plant, At station DC-0 in the surf zone, collections were made by

immersing a liter capacity brown polyethylene bottle below the surface; at

all other stations collections were made with a Niskin bottle from a depth

of one meter. Preservation was by Utermohl^s iodine solution.

•18-



In April through June, counts and identifications were made by the Uter-

mohl settling chamber and inverted microscope method; from July through No-

vember counts and identifications were made by the settle-freeze method of

Sanford, Sands and Goldman, 1969 • Reasons for the change of method are given

below.

The layout of sampling stations is shown in Figure 1, Station DC-1 was

unoccupiable from August through November because dredges were working at

the station position during these months. Station DC-0 was not a part of the

major surveys in April, July, and October. Stations NDC-.5-1 and SDC-.5-1

were not included in the 36-station major surveys in July and October, but

were included in the 54-station survey of April; for July and October the

data of stations NDC-.5-2 and SDC-.5-2 (a half mile off shore instead of a

quarter mile) were substituted. In these shallow inshore waters any error

in phytoplankton results due to the quarter mile greater distance from shore

is believed to be minimal.

This study was conducted primarily to ascertain whether spring, summer,

and fall seasonal samplings could adequately represent the temporal sequence

of phytoplankton numbers, and to determine the best available representative

months for the seasonal samplings.

Emphasis has been placed upon phytoplankton numbers because we were con-

vinced of the necessity to change techniques from the Utermohl chamber method

to the settle-freeze method. Our experience with the Utermohl method had

revealed that detritus, clumping, and the optics of its wet samples were in-

terfering with desirable identification of species. The settle-freeze meth-

od gives permanent mounts, better species identification, and more accurate

1. Sanford, G. R. , A. Sands, and C. R. Goldman. 1969. A settle-freeze meth-
od for concentrating phytoplankton in quantitative studies. Limn, and
Oceanog., 14(5) :790-79A.

-19-



— N (0

<U

— ^
I

in

I

o
o

I

o
o

I

lO

I

o
o
en -*

:3

w

a
o
CO

cd

0)

CO

(U

:^
4J

0)

CO

T3
0)

CO

>

CO

o
ou

cd

B
•H

•H

H

— K

0)

Pl4

UJ

I 1 "I "l'"l
^ lO CSI

— O

•20-



counts. The least difference between the methods was in counts per ml.

We thus have April, May, and June by the Utermohl method in which to

look for a representative spring sampling month, and July through November

by the settle-freeze method in which to seek the most representative summer

and fall sampling months.

Although we had reasonable faith that cell numbers obtained by the two

methods were comparable, we knew that the better species identification by

the settle-freeze method was giving reduction in numbers of cells in certain

grouped categories by splitting into species various forms which weaknesses

of the Utermohl method had lumped into the "spp." categories.

In order to test this, as well as to test the reality of low cell counts

obtained in July, we have, with the advice of Dr. E. F. Stoermer, recombined

(relumped) identified species of supposedly comparable ecological valence

back into the grouped "spp." category. Table 5 presents these tests on the

genera Ankistrodesmus ^ Melosiraj and Stephanodiscus (in the latter only the

small and difficult forms S. hinderanuSy S. hantzschii^ S. minutus^ S. subtil-

iSy and 5. tenuis were recombined with the unidentified *'spp." forms).

In Ankistrodesmus and Melosira the recombining produced smoother trans-

itions across the July low counts, but did not eliminate the July lows. In

Stephanodiscus there still remained an abrupt change in numbers from June to

July. At present we believe that the July low counts should be considered

real until the settle-freeze method can be extended through July 1973.

During the eight months of collections 164 species or groups of phyto-

plankters were taken. For presentation we have arbitrarily separated them

into ''Abundant" and "Rare" at 100 cells collected during the eight months.

The counts of the 32 species or groups in the "Abundant" category are pre-

sented by stations and months in Table 6.
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Table 5. Test recombinations of identified and unidentified forms of the
genera Ankistrodesmus^ Melosira^ and Stephanodisaus . See text for explan-
ation. Dashes indicate that the station was not occupied in that month.

Ankistrodesmus spp, (recombined)
cells/ml

NDC--.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC^ DC-4 DC-5 DC-6

Apr 18 12 — 7 12 8 9 6 4
May 21 23 6 10 7 8 12 4 11
Jun 10 7 11 6 6 9 21 12
Jul 2 - 1 5 1 2 2
Aug 4 - 4 2 4 2
Sep 1 2 - 1 1 1 2 1
Oct 2 - - 2 1
Nov 1 1 - 1 1 1

Melosira spp* (recombined)
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-

3

DC-4 DC-5 DC-6

Apr 15 28 - 35 46 45 19 28
May 16 13 1 6 6 7 7 13 51
Jun 11 11 37 18 12 6 11 3 7

Jul 1 - 0.5
Aug 4 4 6 - 2 0.5 2

Sep 5 35 28 - 4 6

Oct 870 527 - - 978 370 440 77 8
Nov 162 82 50 - 73 126 34 13 6

Stephanodiscus spp. (recombined)
cells/ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-

3

DC-4 DC-5 DC-6

Apr 213 26 — 30 28 32 22 54 5

May 17 94 44 53 75 64 71 38 1

Jun 378 328 1,035 425 111 85 108 67 69
Jul 2 5 - 9 3 1
Aug 6 12 23 - 15 14 8 2

Sep 1 2 4 - 1 1 1

Oct 20 16 - - 23 18 11 9 1

Nov 32 14 21 - 12 23 5 8 13
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Table 6. The 32 abundant phytoplankton forms in the 1972 collections at
the Cook Plant, by stations and months. Dashes indicate that the station
was not occupied in that month.

Anabaena spp. (colonies)

cells /ml
NDC--.5-1 SDC-.5-1 DC.-0 DC-^ DC-

2

DC^ DC-4 DC^ DC-

6

Apr —

May
Jun 4

Jul 12 11 - 5 21 6 3 1 1

Aug 2 1 - 3 6 4 3 6

Sep 1 0.5 1 - 2 0.5 0. 5 0.5
Oct 1 - - 2 2 2

Nov 0.5 - 0. 5 1 2

Ankistrodesmus spp.

cells /ml
NDC-.5-1 SDC- . 5-:l DCz2. DC-1 DC:^ DC-3 DC-4 DC-

5

DC-6

Apr 18 12 - 7 6 3 4 0.5
May 21 23 6 10 7 8 12 4 6

Jun 10 7 11 6 6 9 21 12
Jul 2 - 1

Aug -

Sep -

Oct - -

Nov —

Asterionella formosa
cells/ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-5 DC-6

Apr 23 — 2 1 2 2

May 77 135 77 93 73 91 56 16
Jun 22 7 6 14 13 16 45 47
Jul 1 - 1 2 5

Aug 4 2 7 - 6 7 4 32 8

Sep 4 28 34 - 13 3 9
Oct 44 25 - - 84 44 43 15 9

Nov 155 93 180 — 48 82 28 11 8
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Table 6, contM.

Chlamydomonas spp.

cells /ml
NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-5 DC-6

Apr 52 83 - 72 116 178 163 116 57
May 14 16 2 6 25 54 27 9 38
Jun 85 9 15 6 6 115 9 4 13
Jul 19 - 2 1 0.5 3
Aug - 1 0.5
Sep -

Oct 6 - - 1 3
Nov -

Chroocoociis spp. (mostly lirrmetiQus)

cells /ml
NDC-.5-1 SDC-.5-1 DC-0 DC-^ DC-

2

DC-

3

DC-4 DC-5 DC-6

Apr — 0.5
May 0.5
Jun 2

Jul -

Aug 4 - 1 2

Sep 83 106 52 - 137 142 240 279 288
Oct 100 38 - - 128 117 166 219 462
Nov 58 60 33 .. 41 86 95 47 119

Cryptomonas spp.

cells /ml
NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-5 DC-6

Apr 12 49 — 44 28 21 21 19 7

May 9 14 2 14 3 4 6 3 9

Jun 11 59 6 6 6 8 2

Jul 1 2 - 2 1 2 1

Aug 1 1 - 5 6 4 15 12

Sep 7 13 4 - 9 12 3 10 8

Oct 38 17 - - 26 16 10 12 25

Nov 5 2 2 - 3 7 4 1
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Table 6, cont'd.

Cyolotella kutzinginiana
cells /ml

NDC-.5-0, SDG-.5-_! DOlO DO:i DC;-2 DC-

3

DC.zh. DC-5 DC--6

Apr -

May
Jun
Jul - 0.5
Aug 1 - 1 2 2 4

Sep - 0.5
Oct 3 6 - - 5 5 7 3 3

Nov 18 7 9 - 7 10 6 2 2

Cyolotella stelligera
cells/m1

NDC--.5-1 SDC-.5-J, DC'i£ DC-1 DO-2 DC-z^_ DCdL DC-

5

DC-

6

Apr 1 -

May
Jun
Jul 4 - 5 4 2 20 45
Aug 5 7 - 1

Sep -

Oct 2 3 - - 3 1 1

Nov 10 5 - 2 6 3 5 3

Cyolotella spp.

cells /ml
NDC-.5-•1 SDC-.5-1 DC-0 DC-1 DC-2 DC-

3

DC-4 DC-

5

DC-

6

Apr 237 — 2 3 6

May 98 135 96 48 66 100 73 64
Jun 40 429 1,710 323 174 4 159 146 224
Jul 1 - 1 0. 5 4 1 2

Aug 1 1 15 - 9 6 8 4 9

Sep 0. 5 0.5 1 - 0. 5 0.5
Oct 1 - - 1 1
Nov 4 4 2 - 4 5 1 2 0.5
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Table 6, cont'd.

Diatoma tenue v. elongatum
cells /ml

NDC- .5-1 SDC;-.5-^ DC;zl DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr 23 — 49 18 16 22 8

May 1

Jun 2 3 9 19 13

Jul — 0.5

Aug 0.5 -

Sep -

Oct 2 - - 2 1 0.5

Nov - 1

Dinobryon divergens
cells /ml

NDC- .5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-5 DC-6

Apr 6 23 - 19 13 12 5 3

May 5 13 6 5 18 16 14 38 5

Jun 8 11 14 22 2 35 63 17

Jul 7 20 - 24 4 1 3 5

Aug 1 1 10 - 0.5

Sep 2 15 - 14 12 12 8 5

Oct - - 2

Nov - 0.5 0.5

Dinof lagellates

NDC--.5- 1 SDC-.5-1 DC-0 DC;J, DC;-_2 DC-

3

DC-4 DC;l5 DC-6

Apr - 1

May 2

Jun
Jul 1 - 4 1 4 3

Aug 2 7 - 1 1 1

Sep 0. 5 1 - 1 U.5 1

Oct 1 6 - - 2 27 6 2

Nov 31 11 17 - 9 24 16 1 10
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Table 6, cont'd.

Flagellates
cell!s/ral

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-

6

Apr 122 223 - 132 68 25 14 37 27

May 240 396 43 229 225 440 297 290 196
Jun 104 93 58 51 108 95 91
Jul 15 - 5 39 30 6 67 44
Aug 12 14 6 - 28 26 39 73 109
Sep 13 19 3 - 15 18 15 51 11

Oct 244 210 - - 267 224 172 69 143
Nov 245 152 32 - 31 187 144 52 164

Fragilaria capuoina
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr 1 - 3 2

May 8 87 36 40 41 23 24
Jun 193 523 48 36 93 96 40
Jul 19 3 - 22 28
Aug 4 - 2

Sep 20 -

Oct - - 61
Nov 18 3 — 28

Fragilaria crotonensis
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr 18 30 — 9 21 23 12 11
May 36 74 41 101 43 65 49 39 2

Jun 107 104 6 17 32 16 6 6

Jul 12 - 9 15 11 12 55
Aug 275 160 234 - 221 111 194 333 249
Sep 15 41 72 - 27 13 6 13 1

Oct 299 144 - - 276 89 211 14 16
Nov 306 96 1,185 - 134 446 49 47 52
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Table 6, cont'd.

Fragilaria intermedia
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-5 DC-

6

Apr 0. 5 7 - 2 28 16 » 10 24

May 59 105 31 113 5 13 9 1

Jun 24 612 114 19 46 12 2 76

Jul 2 - 37 1

Aug 1 13 -

Sep -

Oct 12 10 - - 6

Nov 18 10 63 — 10

Glenodinium spp.
cells /ml

NDC~.5-1 SDC-.5-1 DC-0 DC-1 DC- 2 DC- 3 DC-4 DC-5 DC-6

Apr 14 28 —

May 1 3

Jun 4

Jul 9 15 -

Aug 3 1 4

Sep 0.5 3

Oct -

Nov

16 19 15 21 13

13

0.5

7 9 4 4

3 1 1 2 0.5

1 1 1 1

2

Gloeocystis spp.
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-5 DC-6

Apr 105 118 — 132 133 116 58 56 14

May 70 233 42 89 18 81 29 41 27

Jun 8 119 1 4 19 19 43 16

Jul 21 1 - 47 48 6 59 11

Aug 18 44 35 - 52 88 53 89 200

Sep 28 55 10 - 33 66 60 75 99

Oct 63 88 - - 46 71 18 15 37

Nov 51 17 315 - 77 42 31 2 16
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Table 6, cont'd.

Melosira granulata
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DO:± DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr » 1

May
Jun
Jul 1 -

Aug 4 4 6 — 2 0.5 2

Sep 3 34 27 - 4 6

Oct 858 524 - - 866 355 439 74 6

Nov 162 82 50 - 73 126 34 13 6

Melosira granulata v. angustissima
cells /ml

NDC--.5-1 SDC-.5-1 DOz2. DC;::! DC-

2

DC-

3

DC-Z± DC;-5 DC-6

Apr -.

May
Jun
Jul -

Aug -

Sep 1 -

Oct 10 3 _ ~ 110 12 2

Nov —

Melosira islandica
cells /ml

NDC-.5-1 SDQ-.5-1 DOl2. DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr 9 — 7 34 34 17 24

May 1 1 51
Jun
Jul —

Aug —

Sep 2 1 -

Oct „ -

Nov -
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Table 6, cont*d.

Melosira spp.

cells /ml
NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DGdt DG:^ DC-

6

Apr 6 28 _ 28 11 10 2 4

May 4 6 1 3 3 2 1 6

Jun 6 33 12 11 2 5 3 3

Jul - 0.5
Aug -

Sep -

Oct - -

Nov -

Nitzsohia spp.

cells /ml
NDC-.5-1 SDC--.5-1 DC-0 DC-1 DC-^ DC-:^ DC-Z± DCj^5 DC-6

Apr 1 - 3 1 2

May 3 0.5
Jun 4 1 7 2 6

Jul 8 - 1 1

Aug 0.5 2 - 0.5 0.5
Sep 2 4 10 -

Oct 8 7 - - 1 3 2 0. 5

Nov 4 3 - 3 3 2 0. 5 2

Ooaystis spp.
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr 2 - 2 0.5 1 0.5 1

May 1

Jun 5 4 1 1 1 1

Jul 18 - 3 39 9 21 1

Aug 10 10 7 - 7 15 15 11 26

Sep 56 89 29 - 61 88 78 152 199

Oct 40 18 - - 27 19 11 16 41

Nov 18 22 - 5 18 12 16 17

-30-



Table 6, cont'd.

Rhizosolenia graoilis
cells /ml

NDC-.5-1 SDC-.5-1 DG:£ DC-1 DC-

2

DC-

3

DCzA DC-

5

DC-6

Apr 11 16 — 25 49 40 35 25 2

May
Jun
Jul -

Aug -

Sep -

Oct - -

Nov -

Rhizosolenia sp. (unidentified)
cells /ml

NDC- .5-1 SDC--.5-1 DC--0 DC;-_1 DC-zi DCj1^3 DOli DC-5 DC-6

Apr 4 ~

May 5 2 1 5 8 6 23 33

Jun 3 2 5 2 2

Jul -

Aug -

Sep -

Oct - -

Nov -

Scenedesmus quadricauda
cells /ml

>-
NDC--.5-1 SDC--.5-_1 _DC;:£ DC-^ DC^ DC;z2 DC--4 DQ-5 DC-6

Apr — 0.5 0.5

May
Jun 1 4 1

Jul 6 - 6 4 917

Aug 2 -

Sep -

Oct 21 - - 8 9

Nov 7 - 5 1
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Table 6, cont'd.

Soenedesmus spp.

cells/ml
NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-3 DC-4 DC-5 DC-6

Apr 13 7 - 7 16 20 13 14 1

May 31 26 16 11 10 14 6 9 10
Jun 15 17 48 13 18 6 24 19 30
Jul 2 -

Aug 7

Sep 6 1

Oct 19 -

Nov 2

0.5
1 4 2 42

1 2 1

2 4

2 2 2

Stephanodiscus alpinus
cells /ml

NDC-.5-1 SDC--.5-_1 DC-zl DC-1 DC.zl DC;:^ DC-4 DCZ± DC-6

Apr —

May
Jun 103 7

Jul .. 0.5
Aug 3 2 - 1 2 1 1

Sep -

Oct 1 1 _. - 5 3 3 0.5
Nov 8 1 9 - 2 3 1 1

Stephanodiscus spp

.

cells /ml
NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6

Apr 213 26 — 30 28 32 22 54 5

May 17 94 44 53 75 64 71 38 1

Jun 378 328 1,035 425 111 85 108 67 69

Jul 2 5 - 9 0. 5

Aug 0. 5 1 17 - 3 3 0. 5 1

Sep 0.,5 2 4 - 0.5 0.,5 0.5

Oct 7 6 - - 1 2 0.5

Nov 10 3 4 - 3 10 1 2 2
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Table 6, cont'd.

Synedra ulna
cells/ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC--_!, DC-l3 DC-

4

DC- 5 DC-

6

Apr 2 — 0.5 1 1

May 4 2 6 8 6 6 4 0.5 0.5

Jun 26 13 45 9 4 9 13 26 5

Jul -

Aug - 1

Sep -

Oct 3 2 - - 6 1 1

Nov 6 0.5 - 2 2 2

Tdbellaria fenestrata
cells /ml

NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-

2

DC-

3

DC-4 DC-

5

DC-6

Apr 123 438 — 308 345 399 323 275 10

May 515 662 165 515 373 302 243 45 3

Jun 141 38 197 69 62 93 18 48 9

Jul 35 104 - 27 109 2 20 10

Aug 88 47 132 - 16 30 29 75 93

Sep 35 13 67 - 3 0.5 7

Oct 85 18 - - 128 11 152 6 8

Nov 482 178 814 - 113 474 178 16 69
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Table 7 is the eight months* total list of species and groups; this

table also indicates "Abundant," "Rare," and "riverine" by A, R, and r on

the left and shows on the right the total monthly collections of the rare

forms at all stations. Species and forms are presented in the way in which

they are recognized and counted. Examples are: Glenodinium ^ a dinoflagellate,

is recognized and counted separately from unidentified dinoflagellates which

are given as "Dinoflagellates;" the flagellates Cryptomonas and Chtamydomonas

are recognized and counted separately from unidentified "Flagellates;" Ana-

cystis and Chroooooous are recognized as separate entities, rather than as

species of Anaoystis

.

Table 8 presents by month the dominant species or group in the collec-

tions, and the percentage of those organisms in the monthly collections. In

no month did the dominant (s) heavily dominate the collections. The greatest

dominance was 37% for Fragilaria crotonensis in August.

Table 9 gives the total numbers of cells per ml collected, the total

numbers of species or groups (forms) recognized, and (for what it is worth

as a measure of diversity) the mean numbers of cells per ml per form for each

station in each month. This table indicates generally rather high numbers

of cells per ml in April, May, and June. Low numbers of cells per ml appear

to be typical in July, August, and September. October and November show,

again, rather high cell counts.

Of the first three months, April had somewhat larger numbers of forms

and lower mean numbers of cells per form than was true for May or June. The

lower total cell counts in July, August, and September were not matched by

a proportionate decrease in numbers of forms, and generally low mean numbers

of cells per form were typical of these months. Increased cell counts in

October and November were not accompanied by a proportionate increase in num-
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Table 8. Monthly dominant forms and their abundance in the phytoplankton
population in the monthly collections at the Cook Plant in 1972.

MONTH DOMINANT FORMS % OF POPULATION

April Tdbellccpia fenestrata 33%

May Tabellaria fenestrata 29%

June Cyolotella spp.

Stephanodiscus spp.

28%
23%

July Tabellaria fenestrata 21%

August Fragilaria crotonensis 37%

September Chroococcus spp. 35%

October Melosira granulata 35%

November Fragilaria crotonensis
Tabellaria fenestrata

26%

26%
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bers of forms, and increased mean numbers of cells per form were typical of

these months.

In addition to the contents of Table 9, there were other considerations

in the choice of months for seasonal sampling: 1) April is the earliest

month when ice conditions dependably allow us to operate a boat-borne sur-

vey; and 2) in the absence of evidence to the contrary, seasonal samplings

should be on a three month spacing to enable the sampling of similar parts

of the seasons. In accordance with these constraints, April, July, and Octo-

ber appear preferable as sampling months.

Table 9 indicates that collections in April 1972 caught a part of the

spring bloom. July 1972 sampled the summer low of numbers. October 1972

samples were in the fall rise of numbers. On the evidence available, it ap-

pears that April, July, and October seasonal samplings are adequately repre-

sentative of the spring, summer, and fall phytoplankton conditions.
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Section 2. Blomasses, numbers and cell weights of Lake Michigan phytoplankton

John C. Ayers and Erwin Seibel

Introduction

This study has been prompted by present coucernB about the quantities

of phytoplankton which will pass through the Cook Plant. It attempts to pro-

vide the best possible figures available at present for 1) the average mass

per unit volume, 2) the mean number of cells per unit volume^ and 3) the ap-

proximate average weight of one phytoplankter» These figure,^, along with

flow rates and percent of cells damaged, permit the refinement of previous

estimates of phytoplankton damage due to plant passage*

The approach taken has been to obtain new data and to compare that data

to information already established in the literature. The compariocn of the

nresent new data to already established data x/as carried out to place the

present data into perspecEive witl the limited array of information available

on the subject.

The new data are derived from collections made on three transects of

southern Lake Michigan in 1971 and 1972 by a pi'oject on the algal quality of

LaKe Michigan under the direction of Dr». Eugene F, Stoermer. These are sup-

plemented by data from collections made at the Cook Plant in 1970. The tran-

sects used by the Stoermer project run east-west across the lake from South

Haven and St« Joseph and roughly north up the center of the lake from Burns

Harbor. In each transect stations are logarithmically spaced by distance from

shore. The transects are shown in Figure 2« All collections were made by

Nansen or Nisken bottles; Stoermer 's collections were from the whole water

column, those at the Cook Plant were from one meter.

Extensive use has been made of particle counts made on the Stoermer col-

lections.
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Methodology

The particle counts were made with a HIAC-'SS' Automatic Particle Count-

er manufactured by High Accuracy Product Corporation of Claremont, California.

The 120 ml sample bottles were vigorously shaken 30 times by hand, inverted,

and allowed to sit for three minutes • The inversion of the bottle and the

period of rest permitted air bubbles to escape from the sample prior to count-

ing. After three minutes sitting the bottle was righted and 100 ml were

counted at the manufacturer's recommended rate of 80 ml/minute. The shaking

prior to counting breaks up coagulated particles and phytoplankton clumps,

giving reproducibility of counts not obtainable with unshaken samples. Un-

fortunately the particle counter blindly counts sediment particles and par-

ticles of detritus which it cannot distinguish from phytoplankton; it is con-

sequently necessary to apply corrections to the raw counts from the machine.

In addition, the counter attains maximum efficiency at only a given maximum

sample-feed rate» Results from the particle counter must be used with the

knowledge that the method contains inherent errors to be guarded against and

corrected for.

In weight determinations, Stoermer's transect collections of March, Ap-

ril, and May 1972 were separated into onshore and offshore groups at a point

8 miles from shore. The 8 mile distance was chosen on the basis that chloro-

phyll values showed relative constancy for stations 8 miles or more from

shore (see Figure 3 where chlorophyll values and the 8 mile distance are

shown). The previously counted inshore and offshore samples were separately

filtered by transect through air-dried preweighed Whatman No, 42 filter pa-

pers which were then air-dried under cover in the laboratory for 30 days,

being weig)ied every third day until constant weight was reached. Weighings

were made on a Mettier H54 Analytical Balance correct to the nearest micro-

gram manufactured by Mettler Instruments AG of Zurich, Switzerland. Air
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drying was deliberately selected to avoid oven decomposition of bicarbonate

particles, and to leave the filtered samples conservatively large.

Results and Discussion

Mass per Unit Volume Determinations

The mass per unit volume determinations for the months of March , April,

and May 1972 were made on the inshore and offshore samples by using the dry

weights of the samples and adjusting these weights to reflect the percentage

of living phytoplankton to be expected in a typical sample of the season.

Robertson
J
Powers, and Rose (1971) showed that the dr^7 weight of the

sample when multiplied by the percent noiv»ash fraction gives an estimate of

the particulate organic loatter, and further, that to obtain the mass of liv-

ing phytoplankton in the sample one must either subtiact the estimated a-

mount of detritus or multiply the amount cf particulate organic matter by

the percentage of live phytoplankton present. The latter procedure is used

in obtaining the mass per unit. volume for cne samples in this study and for

the data presented by Powers et al. (1967).

From Robertson et al, (1971) an estimate of the average percent of

living phytoplankton in a given sample can be obtained. Their average sam-

ple contained 36.4% living phytoplankton, while the range was from 11.8%

to about 55% with the highest values occurring in May and November and con-

sistently lower values during the summer months. The overall average mass/

volume of living phytoplankton for their cruises in 1967 was 0.33 x 10~^

grams per liter

«

Stoermer (1968), using a completely different technique, found that the

average mass /volume of phytoplankton in the vicinity of Grand Haven, Michigan,

was about 0.48 x lO"""^ g/1.

Table 10 presents the data of the present study on samples from the spring
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of 1972. A correction factor from Robertson et al« has been applied to these

data; their May average that 55% of particulate matter was living phytoplank-

ton. Since the present data are from the spring, the 55% average is consid-

ered more applicable than their overall 36.4%.

Table 11 summarizes the data of Powers et al, (1957) for the years 1964,

1965, and part of 1966, Their overall average weight/volume of phytoplankton

was 0.33 X 10""-^
g/1.

The available average values of phytoplankton mass/volume are thent

Powers et al. (1967) 0.33 x lO""^ g/1

Stoermer (1968) 0.48 x lO""" g/1

Robertson et al. (1971) 0.33 x lO^"^ g/1

-3
Ayers, Seibel (this study) 0.38 x 10 g/1

Despite differences in techniques and data treatment, there is close

agreement between the results of the four investigator teasis^

Fhytoplankton Number per Milliliter determinations

In this section, as in the one before, present data are compared to ex-

isting literature data. The present data consist of corrected whole water

column spring 1972 particle counts from the inshore and offshore stations of

Stoe>-mer's algal water quality of Lake Michigan project. For comparison a-

gainst these data there are; 1) whole water column particle counts for sim-

ilar stations in lower Lake Michigan in 1962 and 1963 (U. S. Dept. Interior

^

FWPCA, 1968); 2) Ayers et al. (1971) one-meter microscopic covmts from 54

stations in a 7-mile radius of the Cook Plant in July 1970; 3) unpublished

microscopic counts from the surface two meters for inshore and offshore sta-

tions of Stoermer 's algal water quality of Lake Michigan project in 1971; 4)

State of Illinois (1971) inshore plankton counts from 1970; and 5) plankton

counts of Dainann (1966) from Chicago and Kilwaukee water plants.



Table 11 • Dry weight phytoplankton biomass per liter

in multi-seasonal cruises of Powers et al.

DEPTH 0-25 m >25 m

Particulate Ash free Phyto *

matter mg/l mg/1 mg/1
Particulate Ash free Phyto *

matter mg/1 mg/1 mg/l

Apr. -Nov.
1964

Apr. -Nov.
1965

Mar.-Jun.
1966

AVE.

2.055 0.990 0.3603

2.163 1.043 0.3796

2.560 0.969 0.3527

2.259 1.0007 0.3642

1.847 0.874 0.3181

1.927 0.860 0.3130

2.165 0.765 0.2784

1.980 0.833 0.3032

-3
All-depth ave. Weight /volume of Phytoplankton = 0.3336 x 10 g/1

*Phytoplankton mg/1 obtained by multiplying Ash Free Weight/Volume by 36.4%
ave. living phytoplankton in a sample.
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Table 12 presents the results obtained by the present study for numbers of

phytoplankters per milliliter in spring 1972. The correction factor — 55% of

particles are phytoplankton^ from Robertson et al. — was applied to the par-

ticle counts. The two-month overall average for inshore stations was 1317 phy-

toplankters per milliliter, that for offshore stations was 443 per ml.

Table 13 shows the data reported by FWTCA for southern Lake Michigan sta-

tions in springs summer, and fall of 1962 and 1963* No correction factor has

been applied to these data as they are given as "Phytoplankton, numbers per

milliliter." Their inshore stations showed spring counts of 1125 cells/ml

(1962), 1639 cells/ml (1963), and an overall 3-season average of 14h3 cells/ml.

Offshore stations had spring counts of 1168 cells/ml (1962), 416 cells/ml

(1963), and an overall 3-season average of 565 cells/ml.

Ayers et ai« (1971) at 54 inshore stations around the Cook Plant obtained

ar. overall average of 1256 cells/ml in July 1970,

The results of microscopical counts of phytoplankton from collections of

Stoermer's cruises during 1971 are given in Table 14; these counts are from the

upper two meters only and cannot reflect possible lower counts in the subsur-

face water layers as would his whole water column particle counts (Table 12)

and those of the FWPCA (Table 13). Stoermer's results give for inshore sta-

tions 4097 cells/ml with a 3-season average of 3013 cells/ml (spring), 2160

cells/ml (summer), and 2782 cells /ml (fall). His offshore stations give 1281

cells/ml (spring), 1062 cells/ml (summer), and 1855 cells /ml (fall). It is

now believed that Stoermer's higher inshore surface microscopical counts are

a reflection of his station locations (1/4, 1/2, 1, 2, 4, and 8 miles from

shore) with their inherent weighting of stations close inshore, as well as

their inability to incorporate possible lower counts from the underlying water

layers of the deeper stations.

Some confirmation of this is found in a September 1971 report from the
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Table 12. Numbers of phytoplankton per milliliter from spring 1972 whole

water column particle counts. Data of Stoermer, southern Lake Michigan.

Total 55% of Volume Number per

particle Count filtered, ml Transect
count ml

March 72 I* 8334267 4583846 4195 1093

March 72 0* 3551419 1953280 5945 329
South Haven

April 72 I 9431024 5187063 4190 1238

April 72 5811688 3196428 6000 533

March 72 I 9915986 5453792 3700 1474

March 72 3346962 1840829 4600 400
St. Joseph

April 72 I 7548626 4151744 3500 1186

April 72 4008568 2204712 4600 479

March 72 I 4595256 2527390 1990 1270

March 72 2793573 1536465 4195 366
Burns Harbor

April 72 I 6273327 3450329 2100 1643

April 72 4297765 2363770 4300 550

March April 2 Month Ave.

Average Inshore 1279 1356 1317

(All Transects) Offshore 365 521 443

*I = Inshore stations; = Offshore stations,
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Table 13. Numbers of phytoplankton per milliliter in southern
Lake Michigan in 1962-63. Data of FWPCA.

Spring Sumiiier Fall Spring Summer
62 62 72 63 63

SOUTH HAVEN

Inshore 1503 1590 4453 2552 X

Offshore 1184 562 110 416 X

ST. JOSEPH

Inshore X 1143 2259 1210 X

Offshore 1153 291 577 X X

BURNS HARBOR

Inshore 748 171 418 1155 1106

Offshore X 231 251 X X

AVERAGE

Inshore 1125 968 2377 1639 1106

Offshore 1168 361 313 416 X

X = no data for that location for that time.
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Illinois Environmental Protection Agency. Their Table 17 reports annual aver-

age numbers of plankton organisms per milliliter for 1970 from 10 water filtra-

tion plants from Waukegan to South Chicago. Their averages range from 2200 to

3600 from which we have computed an overall average of 2990 organisms /ml for

the relatively close inshore water intakes represented. On the other hand their

Table 31 reports average annual 1970 surface plankton densities from 8 sta-

tions at positions 4 miles offshore from the Wisconsin-Illinois State Line to

South Chicago. These averages range from 700 to 2000 organisms /ml from which

we have calculated an overall average of 1200 organisms/ml. Stoermer's in-

shore microscopical counts (3013 cells/ml) closely resemble the counts at the

water plant intakes, while his inshore particle counts (1317 cells/ml) resemble

a median-distance mean inshore station. That the Illinois 4-mile station sur-

face plankters could represent whole water column plankton densities is attri--

buted to the upwind positions of the stations and to frequent upwellings.

Damann (1966) presents long-term average monthly plankton counts from

water filtration plants at Chicago and Milwaukee. He obtained annual averages

of 1018 at Chicago and 779 cells /ml at Milwaukee.

There are, then, available:

Inshore Offshore

FWPCA raultiseasonal ave. 1962-63

Stoermer (this study) spring 1972 ave. 1317

Stoermer 1971 multiseasonal ave.

Damann Chicago ave. 1928-45

Damann Milwaukee ave, 1940-63

Illinois EPA multiseasonal ave. 1970

Averages

1443 565

1317 443

3013 1399

1018 -

779 -

2990 1200

1760 902
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Weight of an Average Individual Phytoplankter

From Stoermer's particle counts and our dry weights of his counted

particles the weight of an average phytoplankter has been calculated. A-

gain, the correction factor that 55% of spring particles are live phyto-

plankters has been used.

(Table 15) presents results of the calculations. The weight of an indivi-

-9
dual phytoplankter in the samples analysed ranged from 0.075 x 10 grams to

-9
1.2 X 10 grains. Inshore stations commonly gave a higher weight per phyto-

plankter than did the offshore stations. The overall inshore station weight

«9
was 0.57 X 10 gm per individual, while the offshore individuals averaged

-9 -9
0.38 X 10 gm. The average of the two was 0.47 x 10 gm/cell.

The only valid comparison to literature values that was possible was with

the laboratory data of Nalewajko (1966), who used 28 species of freshwater al-

gae that correspond very well to the algal species of Lake Michigan. Nalewajko 's

-9 -9
results show cell weights ranging from 0.01 x 10 gm to 1.3 x 10 gm, with

-9
an overall average of 0.4 x 10 gm/cell. The range and average are in good

agreement with our results.

-3
As additional estimates, our 0.38 x 10 g/1 of phytoplankton biomass

(Table 10) was divided by Damann's long-term Chicago and Milwaukee plankton

counts (1018 and 779 respectively) and also by the grand mean of inshore

counts (1760) obtained in the preceeding section. The results with Damann's

-9 -9
counts were 0.37 x 10 g/cell and 0.49 x 10 g/cell; with 1760 cells/ml we

-9
obtained 0.22 x 10 g/cell.
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Table 15. Average weights of individual phytoplankters in
southern Lake Michigan 1972. Data from Stoermer.

Total Count 55% of

Count

Dry weight

g X 10"^

weight/ cexl

g X 10"^

Transect

March 72 I* 8334267 4583846 0.99 n "- -

March 72 0* 3551419 1953280 0.40 0.206 South Haven

April 72 I 9431024 5187063 2.82 0.544

April 72 5811688 3196428 1.10 0.344

March 72 I 9915986 5453792 2.21 0.405

March 72 3346962 1840829 0.14 0.075
St. Joseph

April 72 I 7548626 4151744 2.15 0.517

April 72 4008568 2204712 0.45 0.205

March 72 I 4595256 2527390 1.26 0.498

March 72 2793573 1536465 0.34 0.222
Burns Harbor

April 72 T 6273327 3450329 2.39 0.692

April 72 4297765 2363770 1.03 0.437

May 72 I 1731466 952306 1.07 1.126

May 72 1507533 829143 1.02 1.227

AVERAGE

Inshore 0.571

Offshore 0.388

*I = Inshore stations; = Offshore stations,
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The results available are then:

«9
Grams x 10

Inshore Ave. Offshore

This study (Ayers and Seibel) 0.57 0.47 0.38

Nalewajko ave. 0.4

Damann Chicago count ave. 0.37

Damann Milwaukee count ave. 0.49

0.38 X 10"*-^ over 1760 0.22

Average 0.39

~3
As a magnitude check, the 0.33 x 10 gm/1 average multiseasonal lake-

vide phytoplankton weight per volume of Powers et al. (Table 11) was divided

by the available multiseasonal inshore-offshore grand average number of cells

per liter. Stoermer*s data of Table 13 and the FWPCA data of Table 14 met the

requirements. In each the multiseasonal inshore and offshore averages were

averaged together, and then the averaged averages of the two were averaged.

-3
The resulting grand average (1605 cells /ml) was then divided into 0.33 x 10

—9
gm/1. The quotient so obtained was 0.2 x 10 gm/cell, a common value in the

present study results (see Table 15).

SUMMARY AND CONCLUSION

Considering the varying techniques which had to be used and the varia-

bility of phytoplankton, favorable comparison was found between the results

of this study and the scanty similar results presented by other investigators.

Our results are:

1) the average weight of phytoplankton in the southern portion of Lake

Michigan will range from about 0.09 to about 0.63 milligrams per liter of

water. The average from this study is 0.38 mg/1.
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2) The average numbers of phytoplankton in the whole water column in

southern Lake Michigan will range from about 300 per ml to several thousand

per ml. The results of this study indicate (Tables 12 and 13) average numbers

of 1760 per ml for inshore stations and 900 per ml for offshore stations.

3) The average weight of a single *'mean phytoplankter'^ In southern Lake

^9 ».9
Michigan was found to range from 0.075 x 10 gram to 1.2 x 10 gm. The

average weight at inshore stations was 0*57 x 10 " gm; that at offshore sta-

-9
tions was 0.38 x 10 gm. The overall average from all available data was

0.39 X 10"^ g/cell.
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A, 3 Development of a Monitor for Phytoplankton

Although never a specified requirement, we early envisioned the advan-

tages of a system which simultaneously measured phytoplankton chlorophyll

fluorescence and counted passing particles. In particular, we envisioned this

system as reducing the necessity for huge numbers of samples for microscopi-

cal plankton counts with their unavoidable time lag to produce results. Our

efforts in this direction have had some modest success but have been surpas-

sed by the development of commercial fluorometers and particle counters. Be-

cause of these and rising pressures for expanded biological studies directly

related to the Cook Plant, we have concluded that the development of a phyto-

plankton monitor as originally envisioned is partly unfeasible, partly un-

necessary, and should be abandoned. This section will henceforth be ABANDONED,
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A. 4 Study of Attatohed Algae

Erwin Seibel, Nancy Schrank, and Susan L, Williams

Introduction

This portion of the report continues the reporting of data on periphy-

ton begun last year, A total of four peripbyton collectors, each bearing du-

plicate collecting surfaces (see Figure 4), were set in water depths of 15

and 30 feet along the north and south property boundaries of the Donald C,

Cook Nuclear Power Plant site.

We had planned to collect the periphyton samples by changing the col-

lector blocks each month. While blocks were removed each month from May

through November, not all locations provided samples. The surface buoys for

both of the southern locations sank and were not recovered, preventing sam-

pling at these sites. In addition, the surface buoy at the 30 foot depth at

the north boundary was lost by September, preventing data here after that

time. Problems encountered in removing the periphyton from its substrate

resulted in the absence of data for the m.onths of May, June, and August as

far as the weight calculations were concerned. For the identification of the

periphyton, a different technique which worked well for all months was used.

This technique and data are presented later in this section.

Method

As was noted above, problems were encountered in removing the periphyton

from the substrate for weighing purposes. We undertook a study to find the

solvent most efficient in the removal process and finally concluded that ben-

zene was the most effective solvent of the styrofoam.

-63-



r
STILL WATER DEPTH = 1 FT,

IftT

STYROFOAM

SUBSTRATE

BLXK

WATER SURFACE

C
WASHERS

^•"e ^^3

WING NUT

SHACKLE

CHAIN TO ATJCHOR

(not to scale)

ANCHOR

LAKE BOTTOM

Figure 4. Schematic representation of typical perlphyton collector site.
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Styrofoam collection blocks were removed from the collectors in the field

and frozen. Small square food-freessing plastic containers with an inner bot-

tom of pljntf/ood and a central upright nail were used for freezing. The sample

blocks were dropped over the nails and kept from contacting the container

sides.

The method which was adopted for separating fan periphyton from the sty-

rofoam blocks is presented belciv\ The frozen styrofoam blocks were removed

from the freezer and the dimensions of all sides were taken. Using a aii'iro-

tome knife, thinly sliced portions of the styrofoam^-periprLyton vrere placed

into a 100 ml beaker and allowed to sit for about thirty mintites (usually

sufficient time to dry the sample under an air hood) ^ 100 mi of benzeac were

then added to the sample; once the styrofoara was dissolved the sample was

drawn through a preweighed glass fl>ier filter separating the styrofoarr;'»ben.-

zene solution from the periphyton. The sa-itiple in the funnel \'^a:: rinsed with

200 ml of benzene to assure total removal 3f tb.e styrofoairi a.:f to wash the

periphyton fron:. the funnel wails onto the fil'L-er* The fllrer was ':l,.en air

dried and weighed. Since benzene was used,, the entire process just described

was done under an air hood for safety*

Discussion and .results

The information obtained monthly was;

a. Periphyton weight per side of the styrofoam block

b. Dimensions and areas of the collecting surfaces

c. Total periphyton weight per block

d. Weight /area of each collecting surface

e. Weight/area of the total collecting surfaces

which indicated the apparent average periphyton growth per month.
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The data for the four months in which data were obtained are tabulated

in Table 16. Two things are evident upon analysis of the data. First, one

side of the styrofoam block consistently had a higher weight and weight/area

ratio than the other sides. Two sides had similar weights while the final

collecting surface was generally lower. It is suggested that the collecting

surface having the greatest weight is the one that faces upward, while the

one having the lowest weight and, therefore, the lowest concentration of per-

iphyton should be the collecting side that faces the lake bottom. Second,

the samples of July and September had similar weight/area ratios while the

samples collected in the beginning of October and November showed a higher

weight/area ratio.

In one sense the data are limited in that they are from north of the plant

alone, which prevents a comparison of the data north and south as was ini-

tially intended. The next field season's data will hopefully allow for a

north-south location comparison.

Species Identification

Preparation of Periphyton Slides: Diatoms are removed from the styro-

foam substrate by a reaction of hydrogen peroxide and potassium dichromate.

The blocks are placed into a beaker, and hydrogen peroxide, which has at-

tained room temperature, is then added. Enough hydrogen peroxide is poured

into the beaker to cover the block as it is submerged by a metal weight.

Some floating of the styrofoam block does occur, but the reaction of the hy-

drogen peroxide will cover all surfaces sufficiently to enhance the removal

of the periphyton from the substrate. A few crystals of potassium dichromate

are added at a time as the beaker is swirled. The addition of potassium di-
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f
Table 16. Collectors' areas, dry weights, weight/area ratio,%n^ apparent
average monthly growth of periphyton off the Cook Plant.

II

Date and
Identification Side

Area of

Collecting
Side

2
cm

Dry Weight
of

Periphyton

mg

W/A

mg/cm

1 33.15 58.56 1.76

16 Jul 72 2 32.64 47.18 1.44

N30A 3 31.50 46.43 1.47

4 32.00 35.57 1.11

Total 129.29 187.74 1.45*

1 32.00 87.44 2.7 3

16 Jul 72 2 33.15 61.43 1.85

N15A 3 33.50 39.86 1.18

4 34.63 52.37 1.51

Total 133.33 241.10 1.80*-

1. 32.13 50.25 1.56

10 Sep 72 2 32.13 38.17 1.18

N15A 3 32.13 25.07 0.78

4 31.11 35.49 1.14

Total 12 7.50 148,98 1.16*

1 30.00 225.83 7.52

6 Oct 72 2 32.00 42.21 1.31

N15A 3 31.11 39.93 1.28

4 31.50 45.00 1.42

Total 124.61 352.97 2.83*

1 31.50 804.03 25.52

1 Nov 72 2 32.00 182.74 5.71

N15A 3 31.50 104.92 3.33

4 31.50 294.38 9.34

Total 126.50 1386.13 10.95*

2
''^Apparent average periphyton growth, rag dry weight/cm /month.
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chromate speeds up the reaction. Sufficient potassium dichromate has been

added when the mixture turns dark in color and bubbles slightly; usually much

less than one gram is sufficient to produce these results. Excessive amounts

of potassium dichromate cause the mixture to boil over the beaker which may

result in a loss of periphyton. The reaction is considered complete when

the color of the solution turns a deep yellow.

Once the block has been removed, the diatoms are permitted to settle

for six or more hours. The liquid is now poured off, taking particular care

not to lose any of the settlement. Distilled water is then added to the sed-

iment and swirled and again allowed to sit. This process is repeated until

the water remains clear and is without a yellow tint.

The mounting of the periphyton is as follows: suspend the sediment in

distilled water, with the use of a dropper spread the sediment-water mixture

onto a cover slip, and allow the water to evaporate. Once the water has e-

vaporated, bake the cover slip on a hot plate set at 450 Watts for about ten

minutes, following which place a drop of HYRAX in the middle of a labeled

slide and place the cover slip, sediment side down, on the drop. Again,

place the slide on the hot plate and leave it there until all the toluene

has been boiled from the HYRAX. Then remove the slide and cover slip from

the hot plate and reposition the cover slip, which may have moved in the

boiling process, in the center of the slide, and gently tap it downward.

The slide is now ready for examination under the oil immersion Leitz Or-

tholux Microscope using lOOOX magnification.

The species identifications for the months of May, June, July, August,

and October are presented in Table 17. The September slides did not permit

counting. As observed, the species of diatom periphytes increases from May

through October. There was no indication of Cladophora on the collecting

blocks.
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Table 17. Periphyton species lists. Sample NiSE^ Hay 1972,

Achnanthes sp.

Asterionella formosa
Cyolotella KUtzingiana
Cyolotella meneghini'ana v. plana
Cyolotella miohiganiana
Cyolotella ooellata
Cyolotella pseudostelligera
Cyolotella stelligeva
Cymhella ventrioosa (Kiitz)

Cymkella sp.

Diatoma tenue v» elongatim
Fragilaria oapuoina
Fragilaria oonstruens v, :ninuta

Fragi laria orotonensis
Fragilaria intermedia
Fragilaria pinnata iK lanoettula
Gomphonema olivaoevm
Gomphcnema sp.

Melosira granulata
Melosira islandioa
Melosira italioa
Navioula oryptooephala
Navioula deoussis
Navioula latens
Navioula menisoulus
Navioula menisoulus v. upsaliensis
Navioula nyassensis fo« minor

'Ia:icula radiosa
Vr^vi on la tripunktata
Navioula i.p,

Neidiam dubi urn
Ni tZ3oh ia aoi cu lariodes
Ni tzsehia aciou lari s

Ni vzs chi u: confinis
Nitzsohta. dissipatci

Nitzsohia longissima v. reversa
Nitzsohia palea
Nitzsoh.ia ST), (our #6)

Svephanodisous alpinus
Stephanodisous b indercmus
Stephmiodis ous hantzs ehii
Stephanod/Lsous minutus
o tephmiodiscus tenu i

s

Stephanodi.scus sp. (our #5)

Sui'ire I 1m. angus ta ta

5i^ nedra c^nphioepha la

Synedra celicatissirria

Synedra filiformris

Syn^dva mi-riusoula

Sy ytedra. os tenfe Idi

i

Syriedra runivens
''J

^n^neLir li u'yi-u

Synedva vaucJieriae

Tdoell ai'ia fenestrata

Very common species Common species Rar e spg^c i^ s

Diatoma tenue y, elongatum Asterionella. formosa
Synedra minusoula Gompiionema ollvaaeum
Synedra vaudheriae

A^chnanthes sp

,

Navioula nycssens'is f. minor
Neidium dubiim
Nitzsohia longissima v. reversa
Stephanodiscus a Ipinus
Surirella angusta

May periphyton slides were the first periphyton to be made and there was
much air in the diatoms, making them hard to identify. There also was an unusual
number of girdle views.
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Table 17 con't. Sample N3QB, June 13, 1972,

Achnanthes tanoeolata v. duhia
Amphipleura pellucida
Amphora ovalis
AstevioneVla formosa
Cooconeis diminuta
Cooooneis plaoentu'la

Cyalotella meneghiniana
Cyclotella meneghiniana v. plana
Cyclotella miohiganiana
Cyolotella ooeltata
Cyclotella operoulata
Cyolotella stelligera
Cyhella sinuata f. ovata
Cymhella subventvioosa
Diatoma tenue v. elongatum
Diatoma vulgare
Fragilaria brevistriata
Fragilaria brevistriata v. inflata
Fragilaria oonstruens v. minuta
Fragilaria intermedia
Gomphonema angustatum
Gomphonema olivaoeum
Gomphonema parvulum
Hantzsohia amphioxys
Melosira granulata
Melosira islandica
Melosira italioa
Navicula capitata
Navicula oryptooephala
Navicula cryptocephala v. intermedia
Navicula cryptocephala v. veneta
Navicula decussis
Navicula gastrurri

Navicula gregaria

Navicula lanceolata
Navicula menisculus v. upsaliensis

Navicula micropupula
Navicula minuscula
,Navicula mutica v. cohnii

Navicula rhyncocephala
Navicula seminulum
Navicula tripunktata
Navicula viridula
Navicula viridula v. avenacea
Neidium dubium
Nitzschia acicularis
Nitzschia acuta
Nitzschia bacata
Nitzschia confinis
Nitzschia dissipata
Nitzschia fonticola
Nitzschia thermalis v. minor
Nitzschia sp. (our #1)

Ehoioosphenia curvata
Stephanodiscus alpinus
Stephanodiscus binderanus
Stephanodiscus hantzschii
Stephanodiscus minutus
Stephanodiscus subtilis
Stephanodiscus tenuis

Synedra capucina
Synedra filiformis
Synedra minuscula
Synedra ostenfeldii
Synedra rumpens
Synedra ulna
Synedra vaucheriae
Tabellaria fenestrata

Very coimnon species

Asterionella formosa
Diatoma tenue v. elongatum
Navicula gregaria
Navicula cryptocephala
Navicula viridula
Nitzschia dissipata
Stephanodiscus minutus
Synedra capucina
Synedra rumpens
Synedra minuscula
Synedra ulna
Synedra vaucheriae
Tabellaria fenestrata

Rare species

Achnanthes lanceolata v. dubia

Amphipleura pellucida
Cyclotella operculata
Cymbella sinuata f. ovata
Hantzschia amphioxys
Navicula mutica v. cohnii

Nitzschia thermalis v. minor

Rhoicosphenia curvata
Stephanodiscus binderanus
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Table 17 con't. Sample N30B, July 16, 1972>

Aohnanthes affinis
Aohnanthes alevei v. rostvata
Aohnanthes exigua
Aohnanthes haukiana v. rostvata
Aohnanthes tanoeolata v. elliptioa
Aohnanthes linearis
Aohnanthes minutissima
Amphipleura pelluoida
Amphora ovalis
Amphora sp.

Asterionella formosa
Cooooneis plaoentula
Cosoinodisous subsalsa
Cyolotella oomta
Cyolotella Kutzingiana

Cyolotella Kutzingiana v . radiosa
Cyolotella meneghiniana v. plana
Cyolotella miohiganiana
Cyolotella ooellata
Cyolotella pseudostelligera
Cyolotella stelligera
Cymatopleura so lea v. apioulata
Cynibella affinis
Cymbella miorooephala
Cymbella prostrata
Cynibella subventrioosa
Cymbella tux'gida

Diatoma tenue v. elongation

Diatoma vulgare v. breve
Diploneis parma
Epithemia sp.

Fragilaria brevistriata v. inflata
Fragilaria oapuoina
Fragilaria oonstruens
Fragilaria oonstruens v. binodis
Fragi laria orotonensis
Fragilaria intermedia
Fragilaria leptostauron
Fragilaria pantoosekii v. binodis
Fragilaria parasitioa
Fragilaria pinnata
Fragilaria vauoheriae v. trunoata

Gomphonema intrioatum

Gomphonema olivaoeoides

Gomphonema olivaoeum
Gomphonema parvulum
Gomphonema subolavatum

Gyros ig^va spenoerii v, ourvala
Melosira granulata
Melosira islandioa
Melosira italioa
Meridian oiroulare
Navieula oapitata
Naviaula oapitata v. luneburgensis
Navioida oryptooephala
Navioula gastrum v. signata
Navioula gregaria
Navioula grirmiei

Navioula integra
Navioula menisoulus
Navioula menisoulus v. upsaliensis
Navieu la menioropupula
Navioula. nyassens is f. minor
Navioula platystoma v. pantoosekii
Navioula radiosa v. tenella
Navioula reinhardtii
Navioula rhynoooephala
Navioula similis
Navioula tvipunktata
Navioula tusoula /. rostixita

Navioi^la viridula v. avenaoea
Navioula sp. (our #78)

Neidium dubium

Nitzsohia aoioularis
Nitzsohia angustata v. aouta
Nitzsohia apioi^lata

Nitzsohia baoata
Nitzsohia oapitellata
Nitzsohia confinis
Nitzsohia dissipata
Nitzsohia fontioola
Nitzsohia hungarioa
Nitzsohia inseota
Nitzsohia Kutzingiana
Nitzsohia maoilenta
Nitzsohia palea
Nitzsohia reota
Nitzsohia spiouloides
Nitzsohia vexans
Nitzsohia sp. (our #1)

Nitzsohia sp. (our #2)

Nitzsohia sp. 1

Nitzsohia sp. 2
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Table 17 con't. Sample N3QB> July 16> 1972 con't.

Stephanodisous alpinus
Stephanodiscus astraea
Stephanodiscus bindevanus
Stephanodiscus hantzsohii
Stephanodiscus minutus
Stephanodiscus subtilis
Stephanodiscus tenuis
Stephanodis cus trans i Ivanicus
Surirella angusta
Synedra dilicatissima
Synedra delicatissima v. angustissima

Synedra filiformis
Synedra minuscula
Synedra ostenfeldii
Synedra rumpens
Synedra ulna
Synedra ulna v. claviceps
Synedra vaucheriae
Synedra vaucheriae v. capitata
Synedra vaucheriae v. capitellata
Synedra vaucheriae v, fragilariodes
Tabellaria fenestrata

Very common species Rare species

Amphipleura pellucida
Asterionella formesa
Diatoma tenue v. elongation

Fragilaria genus-except those listed
as rare

Melosira granulata
Nitzschia genus-except those listed

as rare
Synedra genus-except those listed as

rare
Tabellaria fenestrata

Achnanthes clevei v. rostrata
Achnanthes haukiana v* rostrata
Achnanthes lanceolata v. elliptica
Achnanthes linearis
Cocconeis placentula
Coscinodiscus subsalsa
Cyclotella ocellata
Cyclotella pseudostelligera
Diploneis parma

Epithemia sp.
Fragilaria hrevistriata v. inflata
Fragilaria construens v. binodis
Fragilaria leptostauron
Fragilaria pantocsekii iK binodis
Fragilaria parasitica
Fragilaria vaucheriae v, truncata
Gyrosigma spencerii v. curvala
Meridian circular

e

Navicula gastrum v. signata
Navicula grimmei
Navicula integra
Navicula nyassensis /. minor
Navicula platystoma v^ pantoscekii
Navicula reinhardtii
Navicula similis
Navicula tuscula /. rostrata
Neidium dubium
Nitzschia hungarica
Nitzschia ins eeta
Nitzschia Kutzingiana
Nitzschia macilenta
Nitzschia vexans
Nitzschia sp« 1

Nitzschia sp. 2
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Table 17 con*t. Sample N15B, August 1972

Aohnanthes affinie
Achnanthee clevei
Aohnanthes clevei v, rostrata
Aohnanthes lanoeolata
Aohnanthes lanoeolata v. dubia
Aohnanthes lapponioa
Aohnanthes minutissima
Amphipleicra pelluoida
Amphora oalumetioa
Amphora oruoiferoides
Amphora montana
Amphora normani
Amphora ovalis
Amphora ovalis v. libyoa
Amphora ovalis v. pedioulus
Asterionella formosa
Caloneis baeillum
Cooooneis diminuta
Cooconeis pedioulus
Cooooneis placentula
Cyolotella oomta
Cyolotella oryptica
Cyolotella Kutzingiana
Cyolotella meneghiniana
Cyolotella meneghiniana v. plana
Cyolotella miohiganiana
Cyolotella ooellata
Cyolotella pseudostelligera
Cyolotella stelligera
Cymatopleura solea v. apioulata
Cymbella miorocephala
Cymbella parvula
Cymbella prostrata
Cymhella subventrioosa
Diatoma tenue v. elongatum
Diatoma vulgar

e

Diploneis parma
Eunotia arcus
Fragilaria oapuoina
Fragilaria oonstruens
Fragilaria oonstruens v. binodis
Fragi laria orotonensis
Fragilaria intermedia
Fragilaria leptostauron
Fragilaria pinnata
Fragilaria pinnata v. lanoettula
Fragilaria vauoheriae v. fragilariodes
Fragilaria vauoheriae v. lanoeolata
Fragilaria vauoheriae v. trunoata

Gomphonema olevei
Gomphonema intrioatum

Gomphonema intrioatum v. pumila
Gomphonema olivaoeum
Gyroaigma spenaerii
Meloaira granulata
Melosira islandioa
hkiloeira italioa
Meridion oiroulare
Navioula aurora
Navioula anglioa v. sub&alsa
Navioula capitata
Navioula capitata v. hungarioa
Navioula capitata v. luneburgensis
Naviou la crijptoaephala
Navioula cryptoaephala v. intermedia
Navicrula decussis
Navioula ga.stinmi

Navioula gregaria
Navioula integra
Navioula latens
Navioula meniaoulus v. obtusa
Navioula meniaoulus v. up3alie>isis

Naviou la mieropupu la
Navioula nyassensis f\ minor
Navioula platyatoma v. pantosaekii
Navioula proipacta
Navioula pupula
Navioula pupula v. rostrata
Navioula radiosa i>, tenella
Navioula simplex
Navioula ssminuloides
Navioula seminulwn
Navioula tripunktata
Navioula tuscula v. minor
Navioula viridula
Navioula sp. (our #40)
Navioula sp, (our #78)
Neidium dubium
NitzBchia aoiouuxris
Nitzsohia acuta
Nitzsohia amphibia
Nitzsohia angustata v. acuta
Nitzsohia baoata
Nitzsohia oapitellata
Nitzsohia confinis
Nitzsohia dissipata
Nitzsohia fontioola
Nitzsohia insecta
Nitzsohia macilenta
Nitzsohia palea
Nitzsohia recta
Nitzsohia vomana
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Table 17 con't. Sample N15B, August 1972 con't.

Nitzsohia spioutoides
Nitzschia sublinearis
Nitzsohia tryblionella
Nitzsohia sp. (our #1)

Nitzsohia sp. (our #2)

Nitzsohia sp, (our #8)

Oestrupia zaohariasi v. undulata
Rhoioosphenia ourvata
Stauroneis aoutiusoula
Stephanodisous alpinus
Stephanodisous astraea
Stephanodisous hantzsohii
Stephanodisous minutus
Stephanodisous niagarae

Stephanodisous subtilis
Stephanodisous tenuis
Surirelta angusta
Surirella ovata
Synedra demerarae
Synedra delioatissima
Synedra filiformis
Synedra minusouta
Synedra parasitioa
Synedra parasitioa v. suboonstriota
Synedra ulna
Synedra vauoheriae
TabelXavia fenestrata

Very common species

Asterionella formasa
Diatoma tenue v. elongatum
Melosira granulata
Tabellaria fenestrata

Common species

Aahnanthes minutissima
Amphipleura pelluoida
Cyolotella meneghiniana v. plana
Cyolotella ooellata
Cyolotella stelligera
Cymhella miorooephala
Fragilaria orotonensis

Fragilaria vauoheriae v. fragilariodes
Navioula oryptooephala
Navioula oryptooephala v. intermedia
Navioula deoussis
Navioula latens
Navioula menisoulus v. upsaliensis
Navioula mioropupula
Navioula tripunktata
Navioula viridula
Nitzsohia baoata
Nitzsohia oonfinis
Nitzsohia dissipata
Nitzsohia fontioola
Nitzsohia palea
Stephanodisous genus
Synedra delioatissima
Synedra minusoula
Synedra ulna
Synedra vauoheriae

Rare species

Aohnanthes lapponioa
Amphora oalumetioa
Amphora oruoiferoides
Amphora montana
Amphora mormani
Cooooneis diminuta
Cyolotella oryptioa
Diatoma vulgare
Diploneis parma
Eunotia arous
Gyrosigma spenoerii
Navioula aurora
Navioula integra
Navioula platystoma v. pantosoekii
Navioula protraota
Navioula simplex
Navioula seminuloides
Navioula seminulwn
Navioula tusoula v. minor
Navioula sp. (our #40)
Navioula sp. (our #78)
Nitzsohia aoioularis
Nitzsohia amphibia
Nitzsohia oapitellata
Nitzsohia maoilenta
Nitzsohia romana
Nitzsohia sublinearis
Nitzsohia tryblionella
Nitzsohia sp. (our #8)

Oestrupia zaoharasi v. undulata
Rhoioosphenia ourvata
Stauroneis aoutiusoula
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Table 17 con't. Sample N15B, September 1972,

The two prepared slidetJ were devoid of all materials.

Sample N15B, October 1972

Aahnanthes affinis
Achnanthes clevei
Aahnanthes lanaeolata
Achnanthes lanaeolata i\ dubia
Achnanthes lanaeolata v. eltiptiaa
A ahyianthe& I inearis
Aahnanthes micvocepha la
Achnanthes minutissirna
Achnanthes suchlandti
Amphipleura pellucida
Arnphova nonnui . i

Amphora ovalis
Amphora ovalis v, libyca
As teriofie I la formosa
Caloneis bacillwn
Luloneis ventriaosa v. minuta
Cccconeis dinrlnuta

Cocconeis plaaentula
Cyclotella oornta

Cyclotella cryptioa
Cya lote I la Ku uzingiana
Cyclotella meneghiniarxi v. plana
Cya lo te I la mieh iganianc.
Cyclotella. ooellata
Cya lote I la p^eudos te I ligera
Cyclotella stelligera
Cymhi.lla delicatula
Cymbclla microcephala
Cymbella prostrata
Diatoma tenue v. elongation
Diatoma vulgare
Diploneis varma
Diploneis cculata
Fragilaria brevistriata
Fragilaria brevistriata v. inflata
Fragilaria construens
Fragilaria construens v. binodis
Fragilaria construens v. capitata
Fragilaria construens v. minuta
Fragilaria construens v. venter
Fragi laria crotonensis
Fragilaria inter*medic.

fraqi lai^iodes

producta

Fragi laria leptostauron
Fragilax'ia pantocsekii v. binodis
Fragilaria parasitica v. subconstriata
Fragilaria pinnata
Fragilaria pinriata v, lancettula
Fragi Iaria vauaheriae
Fragilaria vaucher-Cae v

Gomphenema angustatum
Cornphenema angustatum v

Gomphenema gracile
'.fOr/rfhenema olivaeeum

- Jjrnphenema parvi i lum
(jKp-'iphene^na suba lavatimi

Cornphenema sp

«

^yrot^ igina spenceri

i

Melosira granulata
Me los ira is landica
Me lop ira i ta I Lea
Navicula arujlica iK signata
Nai'ieula bacillum
iJavicula capitata v. luneburgensis
hav i au I a co s tu lata
I'av ^cu la cryptocephala
Naviaix la cryptocephala
Navcula decussis
Navicula gregaria
Navicula latens

aurvu u

vnt^rmedia

'^CU ^•a menisciilus v. upsaliensis
Navicula micropupula
Navicula mutica v. cohnii
Navicula nyassensie f. minor
Nav icu la protracta
Na.vicnila pupula
Navicula tuscula
Navicula viridula
Navicula sp. (our #78)
Neidium dubium
Neidium sp. (our #4)
Nitzschia arrrphibia

Nitzschia angusta v. acuta
Nitzschia baaata
Nitzschia confinis
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Table 17 con't. Sample N15B, October 1972 con't.

Nitzschia disaipata
Nitzschia fonticola
Nitzaohia ineeata
Nitzschia pdlea
Nitzschia recta
Nitzschia romana
Nitzschia tryblionella
Nitzschia wolterecki
Nitzschia sp. (our #1)
Nitzschia sp. (our #2)
Nitzschia sp. (our #8)
Nitzschia sp.

Oestrupia zachariasi v. undulata
Rhoicosphenia curvata
Stephanodiscus alpinuB
Stephanodiscus astraea
Stephanodiscus hantzschii
Stephanodiscus minutus
Stephanodiscus niagarae
Stephanodiscus subtilis
Stephanodiscus tenuis

Stephanodiscus transilvanicus
Surirella angusta
Surirella ovata
Synedra acus
Synedra amphicephala
Synedra amphicephala v. austraica
Synedra delicatissima
Synedra delicatissima v. angustissima
Synedra filiformis
Synedra hyperborea v. rostellata
Synedra minuscula
Synedra montana
Synedra ostenfeldii
Synedra pulshella
Synedra rwnpens v. meneghiniana
Synedra tenera
Synedra ulna
Synedra ulna v. chaseana
Synedra ulna v. claviceps
Synedra vaucheriae v. capitellata
Tabellaria fenestrata

Common species Rare species

Aahnanthes minutissima
Asterionella formasa
Cyclotella comta
Cyclotella meneghiniana v. plana
Cyclotella ocellata
Cyclotella stelligera
Diatoma tenue v. elongatum
Fragilaria construens
Fragilaria vaucheriae
Melosira granulata
Navicula cryptocephala
Navicula cryptocephala v. intermedia
Nitzschia dissipata
Nitzschia fonticola
Nitzschia palea
Stephanodiscus astraea
Stephanodiscus hantzschii
Stephanodiscus minutus
Synedra acus
Synedra amphicephala v. austiaica
Synedra delicatissima
Synedra tenera
Synedra ulna (all varieties)
Synedra vaucheriae v. capitellata
Tabellaria fenestrata

Achnanthes clevei
Achnanthes linearis
Achnanthes suchlandti
Amphipleura pellucida
Amphora genus
Caloneis genus
Cocconeis genus
Cyclotella cryptica
Diatoma vulgare
Diploneis genus

Gomphonema sp.

Gyrosigma spencerii v. curvula
Navicula anglica v. signata
Navicula bacillum
Navicula mutica v. cohnii
Navicula tuscula
Neidium genus
Nitzschia tryblionella
Nitzschia wolterecki
Nitzschia sp.

Oestrupia zachariasi v. undulata
Rhoicosphenia curvata
Synedra hyperborea v. rostellata
Synedra montana
Synedra pulshella
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A. 5 Study of Zooplankton

James C. Roth

Distribution of Samples in Space and Time

We report here the results of the 1972 zooplaiiKton collections. The data

were collected at 140 stations in the Cook Plant survey area, distributed as

follows

:

Date, 1972

12 April
4 May

11 June
16 July
11 August
8 September

15 October
3 November

(full survey, old grid)

(short survey)
(short survey)

(full survey, reduced giid)

(short survey)
(short survey)
(full survey, reduced grid)

(short survey)

Number of Stations
Counted to Count ed to

Species Genus Total

S 41 46

3 5 8

3 5 8

5 24 29

3 4 7

3 4 7

5 23 28

3

30
4

110
7

140

The positions of the stations are shown in Figures 5 througu 7. Samples were

enumerated to the species level at five stations (DC-6, DC~5, DC'-2; NDC-7-1; SDC-

7-1) in each of the full surveys (April, July, and October), and at three stations

(DC-6, DC-5, DC-2) in each of the short monthly surveys. The balance of the sam-

ples were enumerated to the genus level. After July 1972 statioa DC-1 could not

be sampled because dredges installing the plant intake structures were anchored

there.

Methods

Because changes have been instituted in zooplankton methods since the last

report, the present methods will be described in some detail. The differences

are primarily in laboratory handling and enumeration, and, although they are

more time-consuming, we believe they are also more accurate.
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At each station, a vertical haul from the bottom to the surface was made

with a 1/2 meter cone net of #10 nylon mesh (138 y apertures) • This mesh size

retains all adult cladocerans and copepods (including small species such as

Tropocyalope praBinw)f but probably does not quantitatively recover small nauplii

or small rotifers, A flowmeter placed in the m.:uth of the net estimated the vol-

3
ume of water filtered « About 1 - 10 m of water were filtered^, depending on the

length of the tow, A small amount of carbon dioxide (sparkling water ^^
club soda)

was added to each sample before preservation to relax the animals; then they were

preserved with Koechie's Fluid (a mixture of 750 ml saturated sugar solution, 300

ml concentrated formalin, and 2850 ml distilled water), which was used rather than

formalin to further minimize distortion of the microcrastacea, in particular **bal-

looning" of cladoceran carapaces.

The samples were too large to count in their entirety, so they were subsampled

in the laboratory with a Folsom plankton splitter « Splitters of this type provide

more satisfactory subsamples than pipettes (Cassie, 1971). Each sample was split

as many times as was needed to yield a subsample of manageable size which still

permits statistical reliability. At each split the half which was used for fur-

ther splits or for counting was chosen at random (by tossing a coin). DnpTicate

subsamples for counting were selected, each of which contained several hundred

of the most common forms. The quantitative and qualitative objectives of the e-~

numeration method, and the extent to which they were realized, are discussed la-

ter* Subsamples were counted in a chamber of original design which combines the

features of Gannon's chambered cell (Gannon, 1971) and Ward's plankton wheel

(Ward, 1955), Stereozoom microscopes capable of magnifications up to 210X were

used; these combined with the open top feature of the chamber (permitting mani-

pulation of specimens into favorable viewing positions) made it possible to i-

dentify species of microcrustacea without dissectioiu
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Total zooplankton weights were determined from the counted splits. In some

cases, the samples contained so much algae that realistic "zooplankton" weights

could not be determined. These samples were not weighed. The balance of the

samples yielded what we consider to be crude but reliable estimates of the zoo-

plankton biomass. Although our //lO net probably underestimated the numbers of

very small forms (rotifers, small nauplii), this error may have been partly off-

set by the inclusion of some net phy top lankton. We weighed zooplankton on No. 1

Whatman filter papers, 5 cm in diameter, using a Mettler H54 electrobalance (least

division = 0.1 mg; estimates to 0.01 mg). Before weighing, the filters were

dried in an oven at ca. lOOC for at least, four hours. Several procedures were

tried to minimize errors due to absorption of moisture by the filters, and the

following treatment proved to be simple and precise. Filters were taken from the

oven and placed on the balance. The weight was recorded one minute after removal

from the oven. Re-weighings of filters after mock treatments (filtering 100 ml

tap water and then re-drying) provided an estimate of the precision of this meth-

od. Ten filters showed a weight change ranging from -0.06 mg to -fO.25 mg(mean:

+0.06; s.d.: 0.1). The zooplankton samples usually weighed between 2 and 16 mg,

so that at the most, these errors ammounted to between 1 and 12% of the sample

weight; other sources of error in the methods are greater than this. However, a

couple of zooplankton samples weighed only ca. 0.5 mg, so in these cases the

weighing error could at worst approach half of the sample weight.

It is appropriate to include a few remarks on the statistical problems of

zooplankton sampling and enumeration. Workers who have taken repeated zooplank-

ton samples from the same station have found that the coefficient of variation

(the standard deviation expressed as a percentage of the mean) is around 25%

(Nauwerck, 1963) or more, sometimes considerably more. It is therefore of in-

terest to consider how to divide the available effort between the extremes of
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taking many small samples or a few large ones. The choice is made a little eas-

ier by the problems of enumeration in the laboratory. Even a relatively small

sample (say, 10 liters) may contain far too many individuals (1,000 - 2,000) to

count them all; so the field sample must be quantitatively subsampled. In theory,

the subsample is considerably less variable than the lield sample. It is there-

fore reasonable strategy to take large samples which integrate over sizeable a-

reas of vertical and/or horizontal patchiness, and subsample these for counting.

Another consideration is how large a subsample to count. Here it depends partly

upon the questions being asked. If only quantitative information is sought, a-

bout 50 individuals may suffice (Ricker, 1938; Cassie, 1971). Howe\^er, in many

studies — including this one — it is of perhaps equal interest to get qualita-

tive data on the occurrence of rare species, in order to document the early ap-

pearance or disappearance of diagnostic or noxious species. Counting only 50 in-

dividuals will not reveal the rare species. We adopted the strategy to Cake large

field samples (several cubic meters) and enumerate rather large subsarnples from

them. For this purpose we designed a new counting chamber which accepts a sub-

sample of around 10 m.l. For the 1972 data we enumerated duplicate subsarnples in

order to test whether our subsampling scheme was effective. Some species are too

rare to get meaningful quantitative information about them; our data show that

if an animal comprises less than 5% of the total ^^ our counts must be considered

qualitative only, even though the total number of animals enumerated approaches

1,000. Figure 8 illustrates this; the coefficients of variation between dupli-

cate subsarnples (species counts) are plotted against the relative abundance of

the species, for all species which accounted for more than 5% of the fauna. The

line encloses 95% of the points, and it is apparent that if an organism comprises

15% or more of the total fauna, the coefficient of variation will be 15% or less.

The coefficient of variation decreases with increasing commonness of the species;
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animals that make up 45% or more of the assemblage —- dominant species — are

counted to within 5 - 10%. These figures are encouraging^ since the}?- are less

than the expected field sampling error. It is worth considering, for subsequent

surveys, to replicate samples in the field, and i:ount only one subsaraple from each

tow. However, the genus counts show considerably more variability between sub«

samples, approaching the variability expected between replicated samples. This

problem must be worked out before counting duplicate subsamples is abandoned

«

The genus counts were made by a different enumerator than the species counts,,

Some sources of error may be counting too sm.all subsamples, and/or insufficient

care taken with the splitter. Longhurst and Seibert (1967) have shown that the

Folsom splitter gives its most satisfactory results when the operator is skilled.

Qualitative Results

The 21 zooplankton Crustacea species which made up the 1972 fauna in the

study area are shown in Table 18, along with the maximum percentage of the total

fauna that each attained during the study period « Three cyclopoid copepods were

found; only one (Cy eloiie Hcz^spidat:^ ik.omasi) can be considered among the domin--

ants. Cijoloye veimalis never exceeded 1% of the totals and Tr-opocu cloye prc^-inie

mexioanvs never more than 3%.

Calanoid copepods comprised 7 species, four of them in the genus Diaptonrus.

Diaptomus ashlandi was the most common of the Diaptomus species, and was a major

offshore species in spring. Diaptomus minutus at times made up 12% of the assem-

blage, but the other two diaptomids (D. oregonen&is and D. sioilis) were less

common. Three other calanoids , Eurytemora affinis, Episohura lacustris^, and Limrio-

oalanus maovurus ^ were never common; the former is an introduced brackish water

species, and the latter is a glacial relic.
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Table 18. The 1972 zooplankton Crustacea (16 Genera, 21 Species)

Max. % of fauna attained
in 1972 collections

Cyclopoid copepods (2 genera, 3 species)

Cyclops biciiS'pidatus thomasi S. A. Forbes 42

Cyclops vemalis Fischer <1

Tropocyclops prosinns mexicanus Kiefer 3

Calanoid copepods (4 genera,* 7 species)

Diaptomus ashlandi Marsh 43

Diaptomus minutus Lilljeborg 12

Diaptomus oregonensis Lilljeborg 9

Diaptomus sicilis S, A. Forbes 2

Epischura lacustris S. A. Forbes 1

Eurytemora affinis (Poppe) <1

Limnocalanus macrurus Sars 1

Harpacticoid copepods (1 genus, 1 species)

Canthocamptus sp. 1

Cladocerans (9 genera, 10 species)

Bosmina longirostris (0. F. Muller) 85

Ceriodaphnia quadrangula (0. F. Muller) <1

Chydorus sphaericus (0. F. Muller) <1

Daphnia galeata mendotae Birge 6

Daphnia retrocurva S. A. Forbes 16

Diaphanosoma leuchtenbevgiamm Fischer 1

Eubosmina coregoni (Baird) 12

Holopedium gibberum Zaddach 7

Leptodora kindtii (Focke)
^

<1

Polyphemus pedicuius (Linne) 1
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One harpactlcoid copepod, Canthooamptua sp, (perhaps C. robertookeH M, S,

Wilson, but this must be verified) occurred sporadically.

The cladoceran fauna was rich, especially in suinmer, Boamina Icngirostris

was the most common cladoceran and the most common zooplankter in summer, making

up as much as 85% of the fauna. Another bosminid, Euboemina coregoni was less

common, but sometimes made up over 10% of the total. Daphnia retrocurva was the

only other cladoceran common enough to account for over 10%. The other 7 clado-

cerans were Daphnia galeata mendotae^ Holopedium gibberum, Polyphemus pediaulua^

Diaphanoeoma pediaulua^ Diaphanoeoma leuahtenbergianum^ Ceriodaphnia quadrangula^

Chydorus sphaeriauSj^ and Leptodora kindtii^ in order of decreasing abundance.

Several genera of rotifers were found in summer. However, only one species

(Asplanahna sp., probably Asplanahna priodonta Gosse) was enumerated. The others

are too small to be collected by our nets, and require special handling to iden-

tify.

Several other species were found only occasionally, and are listed in Table

19. Usually a single individual was found in a collection; the number of occur-

rences of each species is listed. Three rare cyclopoids were noted. Two are

littoral-benthic forms (Euayclops agilis and Paracyolops fimhri^atus poppei) and

may be expected to occur accidentally in nearshore collections. The third species,

Mesocyolops edax, is a large cyclopoid which was once much more common in Lake

Michigan. Its decline was attributed by Wells (1970) to size-selective alewife

predatiou.

One calanoid species, Diaptomus reighardi^ occurred only once; this record

is very interesting because this species has not been reported from Lake Michi-

gan before (Robertson, 1966); it is known from Lake Erie. Whether this speci-

men is an accidental individual washed out from an inland lake, or whether a

breeding population is developing in Lake Michigan, will be watched with great
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Table 19, Rare zooplankton species, 1972. Occurrences at our 30 species
and 110 genera stations.

Occurences at:

Cyclopoid copepods

Euayolops agilis (Koch)

Mesocyolops edax (S. A. Forbes)
Paracyalops fimbriatus poppei (Rehberg)

Species
Stas.

Genera
Stas.

Calanoid copepods

Diaptomus veighardi Marsh

Cladocerans

Alona spp.

Alonella sp.

Daphnia longiremus Sars
Euryoerous lamellatus (0. F. Muller)
Ilyocryptus sordidus (Lieven)
Leydigia quadrangularis (Leydig)

Maorothrix latiaomis (Jurine)

Pleuroxus dentioulatus Birge

4

1

4

1

1

1

1

5

1

Acarina

Amphipoda

Pontoporeia affinis Lindstrom

Mysidacea

Mysis reliota Loven
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interest in subsequent surveys. Another calanoidj Seneoetta calanoidee Juday>

is known from Lake Michigan, but did not occur in our samples* It is a deep-wa-

ter species and not common now (Gannon, 1972).

Seven species of macrothricid and chydorid Cladocera were found, all of

which are littoral-benthic in habitat, and are cu 1/ cccasionally a part of the

true plankton. One species, Daphnia longirenms ^ is a true planktet associated

with cold, deep waters in Lake Michigan, We noted it in Kuiall numbers unly four

times. (Entrainment studies we conducted in February 1973 suggest that this spe-

cies may be relatively more common in our zone in winter ^ although it is not num-

erous then.)

The occurrence of Pontaporeia and Pfysis in a fe-v saniples is not noteworthy;

these benthic Crustacea occasionally wander some distance above the sedimcrts.

The dominant species then, were. Cyclops oiouBpidatue tho^asi^ Jiaptornus ash-^

landij D. minutus^ Bosmina Zogirosti'iSj^ Da^innia reti-'oci^rva^ and Euhosnriiia coraaoni,

It may be said that the qualitative composite or! of the 19 7^ Lake Michigan fauaa

in our area was comparable to that reported in other recent studies (Gannon, 1972;

Wells, 1970). The astonishing quantitative developinert of Bosrrtilna lo-njir^osvris

is discussed in the following section.

Quantitative Results

The primary data are given in Tables 20 through 27 (species counts) and 28

through 35 (generic counts); included for each station are the mean number of

3
each taxon (individuals /m ), the coefficient of variation (i.e«, the standard de-

viation expressed as a percentage of the mean) between duplicate subsamples, the

percent composition of the fauna, the dry weight (milligrams/m ) , and the mean

zooplankter weight (micrograms /individual) . In the pages that follow, the 1972

data are presented in a fairly detailed though non-rigorous way. In subsequent
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surveys, the zooplankton data (including the 1972 data) will be placed on compu-

ter cards, and machine processing will permit more rigorous comparisons with pre-

vious surveys. This has not yet been done for the 1972 data for two reasons:

1) time did not permit it, since the data were not in hand until shortly before

this report was issued; and 2) machine-processing now would be of limited useful-

ness anyway, since these data are the first complete set to be analyzed. The

1971 data are now being enumerated as time permits (a few of these are presented

below), and will be included in the next annual report. Similarly, the 1970 da-

ta, some of which have been presented in earlier survey reports, are being evalu-

ated to determine their comparability with those collected by later methods (in

1970, a //5 mesh plankton net was used); again, some of these data are presented

below.

The Seasonal Succession of Species on the DC-transect

As an introduction to the seasonal dynamics of the zooplankton Crustacea in

the study area, it is convenient to consider three stations on the DC-line (DC-

2, DC-5, DC-6) in some detail. These stations were selected beause they are lo-

cated near the plant, species counts were available for all dates, biomass infor-

mation exists for nearly all dates, and the inshore-offshore spectrum is represen-

ted. Their depths and distances from shore are shown below:

Station Depths ft. Distance from shore > miles Zone

DC-2 42 3/4 "inshore"
DC-5 84 4 "middle"
DC-6 140 7 "offshore"

It will be shown that conditions at the inshore station (DC-2) are representative

of the zone from which the plant intake water will be drawn.
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Let us begin by considering the total zooplankton numbers at these reference

stations (Figure 9), The differences between the three zones were unimportant

3
on the first three dates; all had 4,000 - 8,000 individuals /m in April and May,

3
and all had increased by about a factor of A (i.e., to 24,000 ~ 32,000/m ) by

June, Maximum zooplankton abundance at the middle and offshore stations (ca«

3 3
130,000/m ) occurred in July. However, the inshore seasonal maximum of 280,000/m

did not occur until August, by which time abundances at the offshore and middle

stations had declined slightly, to ca, 80,000 - 90,000/rir^ All three stations

1 3
had ca, 505,000/ra""' in September. In October, a second, but smaller (80,000/m )

pulse occurred inshore, but not at the other two stations. All three had about

3
30,000/m in I^ovember. Thus the 1972 pattern may be summarized as follows: All

three zones showed a similar increase from, a spring minimum to a July maximum.

Thereafter
J,

the offshore and middle stations declined gradually to an autumn min-

imum, but the inshore station experienced a very large pulse in August^ and a

second but lesser one in October. The total numbers found in 1972 were very high;

in fact, they may be the highest ever reported from Lake Michigan. Gannon (1972)

studied the zooplankton Crustacea of Lake Michigan^ Green Bay, and Milwaukee liar-

bor in 1969 and 1970^ and never found over 100^000/t/ in the open lake. However,

3
he reported a September 1969 maximum of 120, 000 /m' in Milwaukee Harbor, and a

3
July 1970 maximum of 230 5000/m in southern Green Bay. It seems likely that 1972

was an unusual year, perhaps because of generally cooler water temperatures. Da-

ta available from 1970 and 1971 near the Cook Plant (to be presented later) show-

ed smaller plankton densities than those found in 1972.

The zooplankton biomass per unit volume data (Figure 10) show a seasonal

pattern similar to the numerical abundances, with the annual maximum in July at

the offshore and middle stations, but not until August at the inshore station.

However, the relative height of the peak suggests that there is a diminution of
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average zooplankton weight as one moves shoreward, and proceeds seasonally.

This trend is shown more clearly in Figure 11. The mean dry weight per individual

zooplankter was highest (ca. 10 yg) offshore in spring. Offshore zooplankton

weights decreased rapidly until July, and gradually thereafter, to a minimum of

ca. 2 yg in October and November. The middle and inshore stations had smaller

animals in June, and their weight further decreased to an August minimum (of ca.

1 yg/individual) ; thereafter there was a gradual increase so that by November

the largest animals were found inshore (4 yg/individual), and the smallest were

offshore. The explanation for this will be evident in the following paragraphs

in which the seasonal dynamics of the individual species are considered, but may

be summarized as follows. The offshore populations are dominated by copepods in

spring; the increasing abundance of smaller Cladocera (chiefly Bosmina longirostris)

reduces the average size as summer proceeds. At the middle and inshore stations,

the smaller cladocerans appear earlier and dominate more completely by August.

Thereafter, larger Cladocera like Daphnia gateata mendotae^ Daphnia retrocurvaj,

Diaphanosoma leuohtenbergianum^ and Holopedium gibberum — summer and fall species

which are most abundant near shore — cause an increase in mean zooplankter size.

Let us now consider the seasonal changes in abundance of the individual spe-

cies at the three reference stations. This information is summarized in Figure

12, where species abundances are represented graphically in 13 abundance ranges.

Note that each larger circle represents about twice as many animals as the

next smaller-sized circle. The general overview of the information in Figure 12

shows that most copepods are perennial offshore but reduced in numbers inshore

in summer, and that most cladocerans are rare in spring, appear first inshore,

and reach their abundance maxima in summer and fall.

Immature copepods (nauplii, cyclopoid copepodids, and calanoid copepodids)

were fairly perennial at all three stations, with annual minima in April and May.
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The adults of the three dominant copepod species (.Cyolops biouepidatua thomasi,

Diaptomus aehlandi, and Diaptomus mtnutus) , were fairly abundant offshore at all

seasons, but were definitely reduced in abundance inshore in summer. Diaptomus

ashlandi is the first offshore dominant in spring. Cyolope biouepidatua thomasi

was most abundant inshore in April, but moved offshore as the season progressed.

Cyolops vemalis was a rare summer species which seldoro occurred inshore.

Tropooyolops praeinus meariaanus, the smallest cyclopoid copepod, also a relative-

ly rare species, was most abundant from July to November; unlike the dominant

copepod species, Tropooyolops was about equally abundant at the inshore, middle,

and offshore stations.

Diaptomus ovegonensis , a fairly uncommon species, was present offshore in

every month except June. It was rare or absent inshore in summer, and reached

its seasonal maximum (1,000 - 2,000 individuals /m^) In all 3 zones in November.

3

Diaptomus sioilis was rarer still, and was most abundant (100 - 200/m ) in April,

May, and November. Epishura laaustrn-s was a late summer-fall species in all three

zones. Its maximum abundance was 312/m^. Limnooalanus maorurus ,
the largest

copepod, was present at the inshore station only in April. It occurred occasion-

ally at the middle and offshore stations from April to July. Limnooalanus is

known to prefer cold water, and probably would have been more abundant if tows

were made in deeper water in summer.

The only harpacticoid copepod we found, Canthooamptus sp., appeared in spring

and fall at the inshore and middle stations, but in June was most abundant off-

shore (267/m^). Its populations are probably derived from the littoral-benthic

habitat, as are those of several of the cladoceran species.

Except for a few Bosmina longirostris , no Cladocera were found offshore in

spring. The enormous develpment of the Bosmina population in June, July, and Aug-

ust has already been mentioned. Bosmina was very abundant then at all three sta-
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3
tions, but the inshore maximum (178,000/m ) was over three times as high as the

3
maximum ever found at the middle or offshore stations (ca. 50,000/m )• Bosmina

accounted for 30 - 40% of the total zooplankton assemblage at the offshore sta-

tion in these months; at the middle station it accounted for from 33 - 56% of

the total; and at the inshore station, it completely dominated the fauna, account-

ing for 63 - 72% of the animals found.

The other bosminid species, Evbosmina ooregoni^ was present in sizeable num-

3
bers only between August and November. Its maximum (ca. 9,000/m ) occurred in-

shore in October. Ceviodaphnia quadrangula was a summer species only rarely

found offshore. At the inshore station in August it achieved its seasonal max-

3
imum of 579/m . Chydorus sphaexn^oiis occurred sporadically at the inshore and

middle stations, but was only found offshore once.

Daphnia gateata ^^^dotae appeared inshore in May but reached its seasonal

3
maximum (3,000/m ) in October. It appeared later offshore and was never as abun-

dant there. Daphnia vetvoowrva was also a summer and fall species most abundant

3
inshore. It accounted for over 12,000 individuals /m at the inshore station in

August. Diaphanosoma leuchtenbergianivn had a similar seasonal distribution, but

3
was much more rare, never exceeding 700/m .

3
Holopedium gibbenun^ also an inshore-summer species, only exceeded 3,000/m

once, in September. Leptodora kindtii was very rare, but occurred most often in-

shore, and in late summer and fall. Polyphemus pedicutus occurred on a few dates

3
in summer; it was most abundant inshore, but never exceeded 400/m .

The only rotifer we enumerated, Asplanchna sp., was present inshore during

every month except November, and was usually present (although rarer) offshore

3
as well. Its maximum abundance was 22,000/m at the inshore station in August.

Having considered the seasonal succession of species at these reference sta-

tions, it is appropriate to consider how consistently this pattern is repeated
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in other parts of the sampling grid.

The Spatial Distribution of the Major Components
of the Fauna on the Eight Survey Dates

^ * The full survey of 12 Apri l. The total zoorl/mkton numbers at each station

are shown in Figure 13* Most of the stations with over 5,000/m were located be-

tween the 10 and 20 meter depth contours. A few stations (SDC-7-i, SDC-7--4, SDC-

. 3
2-2, SDC-.5-2, DO.l, NDr-1^2, NDC~2-1, :-DC-7-4) had less than 2,000/m . Most of

these were close to shore. The qualitative^ roinposition of the fauna at these sta-

tions is summarized in Figures 1^ and 15. The offshore stations had over 40% a-

dult Diavtoniuj fmostly D^ a^shlayiH) *^ a few stations close to shore (circled in

Figure 10) also had over ^+0% Diaptom^iS ^ These stations were coni.entrated in two

patches
5,

oni: including J stations on i:he f'DC-l and SDC-2 lines, the other :lnclud-

ing 4 statiopF= betv/een thc' NIC-^^ and NI)C-4 lines. Most stations had 20 - 30%

Cyclops (esf?entialiy all C, h-icuspidatus ihornaPt). A few patches (circled in

Figure 15) of over 40% Cuolops occurred • Th*^ largest of these was near rhe plant,

between 15 and zO meters depth.

"'' The reduced survey of 4 May ^ In May there was little variation .in total num-

bei:"s between the 8 stations sampled, most stations having 4,000 - 5,000 indivi-

3 3
duals/m , However, at SDC~".5-2, only 1,600/m were found (Figure 16).

^* Tbe reduced survey of 11 June . In June all stations except the three closest

3
to shore had 20,000 - 30,000 individuals /m ; the three exceptions (SDC-.5-2, DC-

1, NDC-.5-2) had only 5,000 - 9,000/m^ (Figure 17). The summer dominance of

Bosmina longirostris was already established in June (Figure 18); of the five

high abundance stations, only the most offshore was dominated by copepods in June.

The other four liad over 50% Bosmina.
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4. The full survey of 16 July , In July most of the near-shore stations had be-

3
tween 30,000 and 80,000 individuals/m , and the offshore stations had over 100,000/

3
m (Figure 19). The line separating these zones roughly corresponded to the 15-

meter depth contour. Adult Diaptomus and Cyclops were essentially absent in the

near-shore zone (Figures 20 and 21). This zone was heavily dominated by Bosmina^

which accounted for over 60% of the fauna at every station, and occasionally for

as much as 80 - 87% (Figure 22).

5. The reduced survey of 11 August . Unlike June and July, the highest zoop lank-

ton numbers were found near shore in August (Figure 23). There was, however,

large variation between samples collected close together. Station SDC-.5-2 had

3 1
129,000/m ; station DC-2, only about 1/2 mile away, had 281,000/m ; and station

NDC-.5-2, equally close to DC-2, had the truly incredible total of 584,000/m^,

the highest count we or anyone else has reported from Lake Michigan. There were

fewer zooplankton farther offshore in August; the total at DC-6 was 81,000/m *

That the near-shore assemblage continued to be dominated by Bosmina is shown in

Figure 24. All of the near-shore stations had over 60% Bosmina* 11% of the an-'

imals at station NDC-.5-2 (i.e., 448,000 individuals/m ) were this one species*

The offshore stations had relatively fewer Bosmiria; there, immature copepods a2--

counted for the largest part of the total fauna.

6. The reduced survey of 8 September , In September, the total zooplankton num-

bers were much less than in August, most stations having 40,000 - 50,000 indivi-

duals/m-^. Exceptions were DC-4 (97,000/m^) and NDC-.5-2 (13,000/m^) (Figure 25).

The Bosmina population had crashed; only 4 - 6% of the fauna was Bosmina inshore,

and 0-2% offshore (Figure 26). Immature cyclopoid copepodids made up 20% of

the fauna offshore, but only 2-5% inshore (Figure 27). Immature calanoid cop-

epodids were more important in September, everywhere accounting for 30 - 40% of
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of the fauna (Figure 28). Daphnia became a significant part of the fauna in

September, accounting for about 20% of the fauna at most stations, and nearly

half at station SDC-.5-2 (Figure 29).

7, The full survey of 15 October . In October the zooplankton populations showed

great variability. Nine stations scattered through the study area had over

50,000 individuals /m; abundances at the other 17 stations ranged from 17,000 -

50,000/m (Figure 30). Immature calanoid copepodids were an important constitu-*

ent of the offshore fauna in October (40 - 50%), but close to shore made up less

than 20% of the fauna (Figure 31). The second Bosmina pulse, mentioned earlier,

was confined to the near-shore area (Figure 32), unlike the Bosmina distributions

in June - August.

8. The short survey of 3 November . In November total zooplankton abundances

were about 20,000 - 30,000^^^ at all seven stations (Figure 33). Immature cal-

anoid copepodids were important constituents of the fauna, accounting for 25 -

45% at all stations (Figure 34) « Immature cyclopoid copepodids accounted for

about a third of the fauna offshore, but less than 20% near shore (Figure 35).

Eubosmina covegoni and Daphnia spp. were both important inshore (Figures 36 and

37).

Summary of Biomass Information From All Stations

The biomass information from all stations is summarized in Figures 38 and

39. The mean values are plotted, along with the standard deviations between sta-

tions. The number of stations averaged for each date is given in parentheses.

The rather large standard deviations shown in Figures 38 and 39 resulted from com-

bining both inshore and offshore stations. Interpretation of this data has been

given in conjunction with stations DC-6, DC-5, and DC-2 above, and need not be
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repeated here. Figures 38 and 39 are intended to replace the incomplete versions

of them which were released in the interim zooplankton report issued in January

1973.

Some Speculations Based on the 1972 Zooplankton Data

The following broad conclusions emerge from the foregoing discussion:

1. In spring, total abundances were low^, dominated by copepods, and

inshore-offshore differences were unimportant.

2. As the water warmed, an inshore assemblage developed which typical-

ly was bounded by the 15-meter depth contour; it is characterized by a scarcity

of copepods, and the dominance of small cladocerans (Bosmina)

.

3. In fall the inshore fauna persists, but is dominated by medium-

sized to large cladocerans of several genera (Daphnia, Holopediim, Eubosmina)

,

and immature copepods.

Consider also the following points:

1. The direct deleterious effects of the heated effluent may be ex-

pected to be greatest in summer, when ambient temperatures are highest, because

the sum of ambient temperature and plant will approach or exceed the thermal death

point (ca. 35 - 40C) of the animals.

2. Dccphnia galeata mendotae under favorable conditions is capable of

a population growth rate of 25% per day ~ a population turnover time of only 4

days (Hall, 1964). Smaller parthenogenetic cladoceran species like Bosmina long-

irostris probably can reproduce even faster. Copepods have much lower reproduc-

tive rates; their population turnover times are on the order of a few weeks or

more.

3. An animal with a high reproductive rate can sustain a high mortal-

ity rate without facing extinction.
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When these points are considered, it is possible that, to the extent that

the 1972 data are typical, the most drastic effects of the cooling water on the

zooplankton will be applied at the time and place where the zooplankton popula-

tions there are best able to withstand such effects.

Comparison of Past and Present Methods of Zooplankton Enumeration

In order to test whether our present methods of zooplankton enumeration

give comparable results to those collected in earlier surveys, we re-counted a

few samples which were collected in 1970 and 1971. The early samples were iden-

tified only to higher categories. We counted the same samples to species, and

then summed them to the same higher categories. Table 36 shows such data for 3

dates in 1970 and one in 1971. All refer to station DC-6. There is close agree-

ment between the two methods. The absence of nauplii and Tropooyolops in both

counts can be attributed to the coarser mesh net used in 1970.

Comparison of 1972 Zooplankton Counts With Earlier Data

As stated earlier, the 1971 data have not yet been reported, but they are

being worked up as time permits, and will be included in subsequent reports.

Counts of samples collected at station DC-6 on 4 dates in 1971 (as well as 3 dates

in 1970) are compared with the 1972 DC-6 counts from the same dates in Table 37.

The April 1971 fauna was very similar to that found in April 1972. The July sam-

ples differ considerably. In July 1971 there were less than half as many animals

as in July 1972, The qualitative composition of the fauna was similar, but num-

bers of nauplii and Bosmina were much smaller in 1971. The July 1970 sample

had an even smaller total; again, Bosmina counts were far smaller than in 1972.

Nauplii were not sampled in 1970, which also diminishes the total.
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The September 1971 counts are higher than those from 1972, chiefly due to

higher cyclopoid copepod, Bosmina^ and Daphnia retroaurva counts in 1971. Recall

that by September 1972 the offshore Bosmina population had crashed. The Septem-

ber 1970 total is much smaller than that in 1972, mainly because cyclopoid cope-

pods were rarer in 1970, and nauplii were unsampled then. Daphnia galeata mendo-

tae and Holopedium gibbenm were also rarer in 1970 than in 1972. Again, in all

three years the species list is quite similar.

The November 1971 and November 1972 totals for station DC-6 were similar,

but in 1972 there were more copepods and fewer cladocerans (Daphnia galeata men-

dotae^ Eubosmina coregoni, and Holopedium gibberum) . The November 1970 collec-

tion resembled that from 1972 except that fewer immature copepodids were found

in 1970, and nauplii were unsampled then. The November species list is compar-

able for all three years.

More rigorous comparison between years must be based on more stations, be-

cause as the 1972 data show, there can be great variability between sampling sta-

tions on a given date.

Work Plan for Zooplankton Pump Entrainment Study

The problem : To determine the numbers and kinds of zooplankton which are

entrained by the cooling water pumps, and the effects of passage through the sys-

tem on them.

Requirements :

1, Devise a sampling system which collects adequate water volume (ca.

3
0.25 m /min) with minimum damage to the plankton.

2. Devise a plan to obtain representative samples from the incoming

water so that the same water mass can be sampled at the discharge. This must be

done so that the system is sampled adequately, but with minimum sampling effort.
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3. Devise a similar sampling plan for the discharge area.

4. Devise a simple, effective means of determining whether a zooplank-

ter is alive or dead.

5. Devise an incubation system to be used for discharge samples, which

mimics the thermal decay that the plume water experiences.

6. Devise a statistical design with adequate replication to provide

conclusive results.

7. Meet requirements 1-6 in time so tViat mechanical effects of cold

water pumping this summer can be conclusively determined.

8. Meet requirements 1 - 7 in tiime so that as scon as warmed water is

pumped its effects on the zooplankton can be conclusively detenninad^

Progress to date : We began work on this problem in January 1973 « We have

obtained two diaphragm pumps which we believe mett requirement #1. Freliminary

sampling conducted in January and February indicated that zooplankters are ver-

tically homogeneous in the intake forebay, out that they are horizontally nonun-

iform. Further studies planned for March and April should meet requirementf^ #2

and #3. Progress toward accomplishment of requirement #4 has been disappointing

so far. We have to date not been able tc verify that the vital stainirig method

of Dressel et al. (1972) works on our material* Other methods are being evalu-

ated in the laboratory.

References

Cassia,, R. M. 1971. Sampling and statistics^ p. 174-209. In: Edmondson,
W. T,, and G. G. Winberg (eds.) A Manual on Methods for the Assessment
of Secondary Productivity in Fresh Waters. IBP Handbook No. 17.

Dressel, D. M. , D. R. Heinle, and M. C. Grote. 1972. Vital staining to sort
dead and live copepods. Chesapeake Science 13:156-159.

•167-



Gannon, J, E. 1971, Two counting cells for the enumeration of zooplankton
micro-crustacea. Trans. Am. Micros. Soc. 90:436-490.

Gannon, J. E. 1972, A contribution to the ecology of zooplankton Crusta-
cea of Lake Michigan and Green Bay. Ph.D. Thesis, University of Wis-
consin. 257 p. (Univ. Microfilms #72-24, 879)

Hall, D. J. 1964. An experimental approach to the dynamics of a natural
population of Daphnia galeata mendotae. Ecology 45:94-112.

Longhurst, A. R. , and D. L. R. Seibert. 1967. Skill in the use of Folsoip's
plankton splitter. Limnol. Oceanogr. 12:334-335.

McEwen, G. F. , M. W. Johnson, and T. R. Folsom. 1954. A statistical anal-
ysis of the performance of the Folsom plankton sample splitter^ based
upon test observations. Arch. Meteorol. Geophys . Bioklimatol* Ser. A,
7:502-527.

Nauwerck, A. 1963. Die Beziehungen zwischen Zooplankton und Phytoplankton
im See Erken. Symb. Bot. Upsal. 17(5):1-163.

Kicker, W. E. 1938. On adequate quantitative sampling of the pelagic net
plankton of a lake. J. Fish. Res. Bd. Canada 4:19-32.

Robertson, A. 1966. The distribution of calanoid copepods in the Great
Lakes. Univ. Mich., Grt. Lks . Res. Div. , Publ. 15:129-139.

Ward, J. 1955. A description of a new zooplankton counter. Quart. J.

Micros. Sci. 96:371-373.

Wells, L. 1970. Effects of alewife predation on zooplankton populations
in Lake Michigan. Limnol. Oceanogr. 15:556-565.

Ps ammo-Littoral

The psammo-littoral portion of the study is not completed at this time and

is omitted from the report. Plans are to issue that data under separate cover

later in the spring of 1973.
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A. 6 Study of Aquatic Macrophytee

An underwater study was conducted off the Donald C. Cook Nuclear Plant

for macrophyton (rooted aquatic plants) on 28 October 1972. Diving operations

were conducted from an 18 foot pontoon boat owned by the Indiana and Michigan

Electric Company. The support vessel was powered by a 20 horsepower outboard

engine and towed the diver along four transects (Fig 40) at approximately 2

knots. The towing apparatus consisted of 100 feet of 3/8 inch nylon line tied

at one end to a bridle on the support vessel* A tow bar was attached to the

other end of the tow line.

Surface supplied diving equipment was used for this survey. Air was

supplied by a high pressure cascade system and a hard wire communication

system was used to relay the diverts observaticns to surface personnel. The

diver wore a variable volume dry suit which allowed control of displacement

and buoyancy.

This survey began north of the Cook Plant, Transect 1 was started at

a depth of 20 feet and continued in line with the North Range Poles out to

a depth of 50 feet. The diver stayed underwater and the support vessel

proceeded approximately 1300 feet south. Transect 2 started at a depth of

50 feet and continued in toward shore to a depth of 15 feet. The diver

surfaced and the support vessel proceeded to the area south of the Cook Plant.

Transect 3 started at a depth of 18 feet and continued offshore directly in

line with the South Range Poles out to a depth of 50 feet. The diver again

stayed underwater as the support vessel proceeded approximately 1300 feet

north. Transect 4 started at a depth of 50 feet and proceeded back toward

shore to a depth of 15 feet. The transects are shown in Figure 40.
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Date 28 October 1972 Dive No. 1

Location Transect No, 1 - directly off the North Range Poles

Depth 20-50 ft

Teani Diver/Supervisor -- Robert F. Aiidfcreon

Tender - Tom Bottrell
Boat Operator - Bill Yocum

Dive Time 40 minutes

Depth (f t) Observations

20 Near zero visibility. Water temperature 52**?. Bottom fine
clean sand exhibiting biturcacing ripple marks with wave
lengths of 6 inches and heights of 1.5-2 inches*

15 Clean fine s.and bottom. Bifurcating ripple marks similar
to those observed at 20 ft. Very little detritus in the
troughs of the ripple marks*

14 Bifuicatfngj ripple marks with wave lengt.hs of 6 inches. C;!ean
saod bottom with very Mttle de':ritiX3 in betweeij xirjx.le Hiarka.

Clean fine sand bottom.

23 Fine sand bottom exhibiting bifurcating ripple marks -^ith

wave lengths varying from 3-^6 inches. Clean sand bcttOBi
Indicates a high degree of turbulence » Observed i patch j-'

wooden debris.

26 Large bifurcating ripple marks yiith 'wave lengths varying
from I8--24 inches and heights varying from 4--6 iiiches.

Bottom type composed of a medium sand. Very little detritub
accumulated in the troughs of these large ripple marks.

2'> Large bifurcating ripple marks similar to those found at 26 ft^
but these have smaller ripple marks in between the large ones,
Little detritus in the troughs of ripple marks*

'^3 Medium sand bottom exhibiting ripple marks ^>7ith wave lengths
varying from 6-8 inches and heights varying from 2-3 inches..

'-^- Small bifurcating ripple marks with wave lengths varying from
4-6 inches and 1.5 inches in height. Bottom visibility about
1 ft,

'^-5 Bottom type fine sand with bifurcating ripple marks. Observed
occasional piece of wood debris and detritus.
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Depth (ft) Observations

27 Clean fine sand bottom exhibiting ripple marks Identical to
those observed at 21 ft.

30 Fine sand bottom exhibiting bifurcating ripple marks with
wave lengths varying from 2-4 Inches and 1 Inch In height.
Bottom water temperature was 52**F.

32 Observed small silt pocket about 1 ft In diameter.

3A Observed another small pocket of silt.

35 Passed another small area of silt. Fine sand bottom with
bifurcating ripple marks. Very little detritus In troughs.

37 Bottom visibility 1 ft. Bifurcating ripple marks with wave
lengths varying from 4-6 Inches and 1 Inch In height.

38 Little detritus in troughs of ripple marks.

40 Passed silt pocket 18 inches in diameter. Ripple marks
Identical to those observed at 37 ft.

43 Bifurcating ripple marks exhibiting wave lengths of 1 ft and
heights of 2 inches. Passed one silt pocket about 3 ft in
diameter and another estimated to be 14-18 ft wide. Areas
of silt contain dark grey gelatinous silt 4-5.5 inches in
depth.

44 Bifurcating ripple marks with wave lengths varying from 4-6
inches and a height of 1.5 inches observed. Fine layer of
detritus overlaying fine sand.

45 Passed another silt pocket about 4 ft wide. Surface of silt
pocket covered with small dark spots 1/4 inch in diameter.

46 Passed another silt pocket about 6-8 ft wide and 2-3 inches
in depth. Small dark spots also present on the surface of
the silt. Bifurcating ripple marks identical to those ob-
served at 44 ft. Larger accumulations of detritus in the
troughs between ripple marks.

47 Passed large pocket of silt estimated 25-30 ft wide and 2-3
inches deep. Small dark spots 1/4 inch in diameter covering
the surface of silt pockets.

50 Fine sand bottom exhibiting bifurcating ripple marks with
wave lengths varying from 4-6 inches and a height of 1/5
inch. Passed area of silt about 10-12 ft wide. Surface of
silt covered with black spots.
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The trend of the ripple marks observed during Transect 1 was in a north-

south direction. No aquatic macrophytes were obser^^ed along this transect.

The frequent storms that have occurred this fall have kept detritus from

accumulating on the bottom especially in the area of the sandbars in shallow

water. The bottom along this entire transect had been swept clean of detritus

indicating a high degree of turbulence. The diver stayed underwater and was

towed south to the starting point of Transect 2,

Date 28 October 1972

Locatl

Depth

CO Transect No, 2

50-15 ft

Team Diver/Supervisor
lender
Boat Operator

Dive No, 1

1300 ft south of Transect No. 1

Robert F, Anderson
Tom Bottrell
Bill Yocum

Dive Time si minutes

Depth (ft)

50

4S

47

45

Observations

Passed several silt pockets varying around 8-12 ft in width.

Observed several more silt pockets about 15-20 ft in width
and 2-3 inches in depth. Small dark spots 1/4 inch in dia-

meter covering surface of silt pockets. Passed another silt
pocket about 20-25 ft wide and 2-3 inches in depth,, Silt
pockets composed of dark grey gelatinous silt with small
dark spots covering the surface.

Fine sand bottom exhibiting bifurcating ripple marks with
wave lengths of 4-6 inches and heights of 1-2 inches « Passed
several silt pockets about 15-20 ft in diameter.

Passed several silt pockets about 3 ft in diameter* Observed
silt pocket about 20 ft wide and 4-6 inches in depth. Fine
sand bottom exhibiting ripple marks identical to those ob-
served at 48 ft. Thin layer of detritus in the troughs between
ripple marks. Passed an occasional patch of wood debris.

Large ripple marks with a wave length of about 3 ft and height
of 6 inches.
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Depth (ft) Observations

40 Fine sand bottom exhibiting bifurcating ripple marks with
wave lengths varying from 4-6 inches and a height of 1 inch.

Passed by a large pocket of jsilt estimated 30 ft wide and
6 inches deep.

36 Observed a few small pockets of silt 1-2 ft in diameter.

34 Passed a silt pocket about 6 ft wide and 2 inches deep. Ob-
served several silt pockets 1-2 ft in diameter.

32 Fine sand bottom exhibiting bifurcating ripple marks with
wave lengths of 4-6 inches.

30 Passed a large area of silt about 40 ft wide and 2-3 inches
deep. Passed another area of silt estimated to be 30 ft wide.
Fine sand bottom.

29 Fine sand bottom exhibiting bifurcating ripple marks with wave
lengths of 4 inches. Passed several pockets of silt with widths
estimated from 20-40 ft and depths of 2-3 inches.

25 Fine sand bottom. Bifurcating ripple marks with wave lengths
of 4-6 inches and a height of 1.5 inches.

20 Fine sand bottom exhibiting bifurcating ripple marks identical
to those observed at 25 ft.

24 Clean sand bottom. No detritus or debris found in this area
near a sandbar.

24 Parallel ripple marks with a wave length of 8 inches ^nd a

height of 2 inches.

24 Fine sand bottom exhibiting bifurcating ripple marks. Observed
several chunks of grey clay on the bottom.

21 Fine sand bottom exhibiting bifurcating ripple marks with wave
lengths varying from 4-6 inches and a height of 2 inches,

16 Bifurcating ripple marks same as those observed at 21 ft. Little
detritus present.

14 Conditions same as those observed at 16 ft.

20 Observed a small pocket of silt about 6 ft wide. Bifurcating
ripple marks present with wave lengths varying from 4-6 inches
and a height of 2 inches.

15 Dive terminated. Bottom water temperature was 52°F.

.174-



Small amounts of detritus and debris were evident along this transect

when compared to the conditions observed last year. No macrophytes were

observed on Transect 2.

Date

Location

Depth

Team

Dive Time

28 October 1972

Transect No, 3

18-50 ft

Diver/Supervisor
Tender
Beat Operator

31 minutes

Dive No. 2

directly off the South Range Poles

Robert F, Anderson
Tom Bottrell
Bill Yocum

Depth (ft)

18

21

27

28

30

32

36

Observations

Bottom type composed of mediur} sand exiilbiting bifurcating
ripple marks with a wave length of 6 inches and a height

of 2 inches.

Ripple marks with a wave length of 6 inches and a height

of 2 inches.

Bifurcating ripple marks with a wave length of 4 inj:hes and

a height of 1*5 inches

«

Clean fine sand bottom with ripple narks same as those found
at 25 ft.

Passed several pockets of silt about 6 ft wide and 2 inches
deep.

Observed a silt pocket 6 or 7 ft wide and 2 inches irx depth.
Passed a silt pocket about 12 ft wide and 3 inches deep. Passed
another silt pocket about 4 ft wide and 2 inches deep. Bottom
type composed of a fine sand exhibiting bifurcating ripple
marks with a wave length of 2,5 inches and a height of 3/4
inch* Passed another silt pocket estimated at 12 ft wide.

Little detritus found in between ripple marks.

Clean fine sand bottom exhibiting bifurcating ripple marks
with a wave length of 4 inches and a height of 1 inch.
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Depth (ft) Observations

43 Bottom type composed of a medium sand exhibiting bifurcating
ripple marks with wave length varying from 1 ft to 18 inches

and heights varying from 2-3 inches. Fine layer of detritus
in the troughs between ripple marks.

44 Observed occasional clump of detritus composed of roots from
sedges that had been washed into the area.

45 Bottom type was a medium sand. Bifurcating ripple marks ob-

served with wave lengths varying from 18 inches to 2 ft and

a height of 4 inches.

45 Bottom exhibiting bifurcating ripple marks with wave lengths

varying from 4-6 inches and a height of 1 inch.

46 Observed 2 small silt pockets. One was 1 ft in diameter and

the other was 3 ft in diameter.

50 Fine sand bottom exhibiting bifurcating ripple marks with
wave lengths from 18 inches to 2 ft and a height of 3 inches,

A heavy accumulation of light brown organic material was

observed in the troughs between these ripple marks. Observed

a pocket of silt in the trough between the ripple marks. Ob-

served a pocket of silt about 40 ft wide and 3 inches deep.

Bifurcating ripple marks were observed on the surfaces of

the silt pockets.

The trend of the ripple marks on this transect was also in a north-south

direction. The surfaces of the silt pockets contained the small dark spots

observed on Transect 1 and 2. The frequency and pattern of the ripple marks

indicated a high degree of turbulence on the bottom. No macrophytes were

observed along this transect. Diver remained underwater and was towed to

the starting point of Transect 4.

Date 28 October 1972 Dive No. 2

Location Transect 4 - 1300 feet north of Transect 3

Depth 50-15 ft

Team Diver/Supervisor - Robert F. Anderson
Tender - Tom Bottrell
Boat Operator - Bill Yocum

Dive Time 30 minutes
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Depth (ft) Observations

50 Fine sand bottom e3diibiting bifurcating ripple marks with
wave lengths of 18 inches to 2 ft and a height of 3 inches.
Patches of light brown organic detritus observed in the
troughs between ripple marks.

46 Fine sand bottom exhibiting ripple marks with wave lengths
varying from 4-6 inches and a height of 1.5 inches.

44 Bottom type composed of a medium sand. Observed bifurcating
ripple marks with wave lengths varying from 18 inches to 2 ft

and a height of 3 inches « Fine layer of light brown organic
detritijs in the troughs between the ripple marks. Observed
a few pieces of wood debris that were covered with snails.

42 Bottom type of fine sand.

38 Observed bifurcating ripple marks with wave lengths varying
from 4-6 inches and a height of 1.5 inches.

35 Fine sand bottom exliibiting bifurcating ripple marks with a

wave length of 2 incaes and a height of 3/4 inch.

33 Observed two silt pockets. One was about 2 ft wide and the

other was about 4 ft wide* Both were 2-3 Inches in depth*

30 Passed a silt pocket that was about 10 ft wide. Observed
bifurcating ripple marks with a wave length of 3 inches and
a height of 3/4 inch. Passed three silt pockets that had
estimated widths of 10 j 15, and 3 ft.

28 Bottom composed of a fine saxid exhibiting bifurcating ripple
marks with a wave length of 3 inches. Observed two pockets of

silt. One was about 3 ft in diameter and the other was esti-
mated at 12 ft in diameter.

25 Observed bifurcating ripple marks with a wave length of 3 inches
and a height of 3/4 inch. Found several silt pockets about
3 ft wide in this area.

22 Medium sand bottom exhibiting bifurcating ripple marks with
wave lengths varying from 4-6 inches and a height of 1.5 inches.

15 Fine sand bottom exhibiting bifurcating ripple marks with wave
lengths varying from 4-6 inches and a height of 1.5 inches.
Dive was terminated.

The surface of the silt pockets observed along this transect contained

the small dark spots observed on Transects 1, 2, and 3. No macrophytes were

observed on this transect. The abundance of ripple marks along this entire

transect indicated a high degree of turbulence on the bottom.
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A. 7 Study of Benthio Organisms

S. C. Mozley

Introduction

In order to make what follows as clear as possible, a review of the ben-

thos survey program is presented. Starting in July 1970, major surveys of

a 46-station grid were conducted in spring, summer, and fall, through April

1972, From these surveys, selected samples were analyzed to the most de-

tailed taxonomic levels achievable at the time. The results of the July

1970 survey have been reported in Part IX of our report series. Using the

same methods, we processed samples from November 1970, and April and July

1971, to obtain seasonal information on community structure.

In May 1972, the sampling design was changed to allow for more rigorous

statistical treatment of benthos data and to allow determination of the month-

ly status of the benthos near the plant site between major seasonal surveys.

A stratified random sampling design was instituted in the seasonal survey of

July 1972 to satisfy prerequisites for statistical analysis and to reduce var-

iances of quantitative estimates.

At present, benthos data have been processed at preliminary levels through

the first stratified random survey of July 1972. The program just described

was continued through October 1972 and will continue in 1973. For the month-

ly surveys nine stations of the original systematic survey plan were sampled

in triplicate. The program now consists of major spring, summer, and fall

seasonal surveys and monthly between-seasonal surveys of a nine station re-

duced sampling grid.

Because many discrete samples are needed for statistical analysis, the

size of individual samples was reduced for the July 1972 survey by modifying
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a standard ponar grab. The new ponar grab can be used to obtain samples 1/3

^

2/3, or equal to an ordinary ponar, by retaining the contents of one, two,

or all three coiq>artment8 • The entire sample is retained from triplicate

casts In the relatively depauperate beach zone, while only the central 1/3

of the grab sample Is retained from each of the triplicate casts at offshore

stations*

Data at the major taxon level for the seasonal surveys of September 1970

through April 1972 are given In Section 1, Statistical treatment of the data

presented In Section 1 Is planned for a later date« Section 2 presents the

benthos community structure as determined by major taxa. A detailed analysis

of the stratified random sampling seasonal survey of July 1972 Is presentad

In Section 3.

Brief notes on topics for which limited data are avallafcle. but which

are Important to the considerations of effects of the plant on benthos, can

be found in Sections 4 and 5. Section 4 gives information on the epibenthic,

or semiplanktonic opossum shrimp, Myeia reliota. Preliminary qualitative

information about the benthos found in the cooling water intake forebay is

given in Section 5.
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Section !• List of major survey data

From July 1970 through April 1972, seasonal benthos data at the major

taxon level were collected at 46 stations per survey. The primary object-

ive of these surveys was to obtain a thorough background of information a-

bout seasonal and year-to-year variations in the benthos prior to plant oper-

ation. Follow-up statistical analyses of the data will be based on various

recombinations of the data, depending on the patterns which appear. For in-

stance, stations located near the plant could be averaged and compared with

stations farther from the plant.

The strictly systematic selection of station locations, however, violates

one of the requirements of statistical tests for differences of means, such

as the t-test. Theoretically, stations within a defined region should be

chosen at random, so that every point in the region has an equal chance of

being sampled. Nevertheless, it is common practice in benthos surveys to

ignore this requirement and assume that a strictly systematic sampling design

would give the same results. The more suitable sampling design implemented

in July 1972 will allow a test of the assumption that randomization of loca-

tions is not necessary.

Since we anticipate that analyses will be conducted on these earlier

data, they are listed in alternating order of proximity to the plant (2 miles

or less north or south from the DC transect, versus 4 or 7 miles from the DC

transect), and in order of increasing distance from shore; 1/4 mile, 1/2 to

3/4 mile, 1 1/4 mile to 2 1/4 miles, 4 miles, and 7 miles (equivalent metric

range: 400 m to 11 km). The techniques for these surveys have been described

in Part IX of this series of reports. Tables 38 through 44 contain complete

listings of available data for each major survey at the higher taxon level.

Locations of the stations are shown in Figure 41.
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2
Table 38. Numbers/m of benthic macrofauna by major taxa in September^ 1970,

Data are based on two combined samples per station. The conversion
factor for original counts is 8, 67, (Amph - Amphipoda; Olig - Oligo-
chaeta; Sphr - Sphaeriidae; Chir - Chii jncmidae; Hiru - Hirudinea;
Gast - Gastropoda*)

station Amph Olig Sphr Chir Hiru ,G§8t TOT/A

DC-1 -no dafa- ND
NDC~.5-1 17 321 34 372
SDC-.5-1 34 1,008 399 286 1,727
NDC-1-1 26 165 8 295 8 5C2

SDC~1-1 69 8 77

NDC-2-1 620 34 34 8 696
SDC-2-L 113 17 8 13S
NDC-4-1 8 26 26 60

NDC-7~1. 78 26 104
SDC-4-1 2 b 69 8 23'+ 17 354
SDC~7-1 113 182 26 104 26 451
DC-

2

539 1,225 426 269 34 2,493
NDC-.25-1 373 730 113 86 34 1.33.'.

SDC~.25-1 539 1,226 426 270 34 2,495
NDC-.5-2 60 2,260 321 191 8 2,84G
SDC-.5-2 113 556 443 122 26 1,260
NDC-1-2 2,930 23,267 921 547 g 8 27,681
SDC-1-2 226 2,478 78 217 26 3,025
NDC-2-2 43 782 8 199 a 1,0 4(:.

SDC-2-2 93 1,304 173 191 17 1,780
NDC-4-2 17 121 34 i-?2

NDC-7-2 8 8

NDC-7-3 869 1,495 130 208 43 2,745
SDC-4-2 43 1,043 182 191 8 8 1,-A73

SDC- 7-2 332 26 34 442
SDC-7-3 121 1,156 286 286 1,849
DC-? 1,112 3,964 139 2f»5 139 26 5,673
NDC- .5-3 1,356 852 86 156 2,450
SDC-.5~3 1,339 1,286 1,286 443 104 86 4,544
NDC-2-3 452 313 620 1,385
SDC-2-3 1,678 5,390 886 7P2 17 8,953
DC~4 4,382 11,181 2,686 620 620 217 19,706
NDC-1-3 6,051 9,338 1,886 95 95 17,465
SDC-1-3 4,530 5,156 7,564 60 69 17,379
NDC-4-3 799 139 17 86 1,041
NDC-7-4 956 226 1,182
SDC-4-3 4,686 8,199 2,156 260 34 15,335
SDC-7-4 1,843 23,519 599 617 69 69 26,716
DC-

5

5,860 4,956 460 43 17 34 11,370
NDC-2-4 3,634 4,086 617 26 6,363
SDC-2-4 4,138 7,990 495 17 17 12,657
NDC-7-5 2,234 2,625 573 26 43 5,501
SDC-7-5 1,225 4,973 478 52 6,728
SDC-4-4 3,278 3,451 104 8 6,841
DC-

6

3,530 3,721 52 8 7,311
NDC-4-4 5,451 4,860 10,311
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Table 39, Numbers /m of benthic macrofauna by major taxa in November, 1970.

Data are based on two combined samples per station.^ The conversion
factor for original counts is 8.67. (See Table 38 for legend)

Station Amph Olifi Sphr Chir Hiru Cast TOTAL

DC-1 -no data- ND

NDC-.5-1 8 34 8 50

SDC-.5-1 26 452 147 260 8 893

NDC-1-1 8 252 156 416

SDC-1-1 2,252 8 8 2,268

NDC-2-1 26 356 330 165 877

SDC-2-1 43 95 138

NDC-4-1 34 34 68

NDC-7-1 43 43

SDC-4-1 8 8 16

SDC-7-1 26 43 69

DC-

2

17 2,208 808 582 8 17 3,640

NDC-.25-1 478 4,956 2,,252 712 95 86 8,579

SDC-.25-1 347 4,051 313 313 17 5,041

NDC-.5-2 69 1,330 712 217 43 2,371

SDC-.5-2 69 730 860 191 1,850

NDC-1-2 52 843 234 234 1,363

SDC-1-2 95 1,043 1,,017 234 8 86 2,483

NDC-2-2 47 3,025 295 286 8 8 3,669

SDC-2-2 69 1,678 478 191 34 52 2,502

NDC-4-2 78 452 52 104 686

NDC-7-2 121 1,182 43 199 1,545

NDC-7-3 504 426 34 43 1,007

SDC-4-2 34 608 1 ,060 252 17 1,971

SDC-7-2 26 1,017 121 104 1,268

SDC-7-3 95 39,727 5 ,338 2,217 26 34 47,437

DC-

3

173 1,608 60 599 8 17 2,465

NDC-.5-3 1,,052 3,912 1 ,312 382 8 95 6,761

SDC-.5-3 695 1,495 513 339 3,042

NDC-2-3 321 5,190 313 1,869 69 7,762

SDC-2-3 373 13,346 1 ,739 1,469 17 17 16,961

DC-A 3,,373 4,347 1 ,704 252 60 26 9,762

NDC-1-3 2 ,599 1,269 269 104 4,241

SDC-1-3 2 ,095 10,894 3 ,347 504 43 443 17,326

NDC-4-3 2 ,382 1,017 426 208 4,033

NDC-7-4 1 ,582 4,712 1 ,034 1,034 8 17 8,387

SDC-4-3 3 ,173 1,286 626 139 43 5,267

SDC-7-4 712 1,878 130 208 17 2,945

DC-

5

4 ,712 1,078 182 60 6,032

NDC-2-4 7 ,416 8,721 1 ,999 52 26 34 18,248

SDC-2-4 391 60 8 52 8 519

NDC-7-5 2 ,782 5,208 1 ,712 165 43 17 9,927

SDC-7-5 417 5,843 2 ,469 530 130 43 9,432

SDC-4-4 2 ,330 6,538 ]. ,078 17 8 17 9,988

DC-6 4 ,104 3,817 264 8 8 8,201

NDC-4-4 8 ,799 9,068 4 ,660 69 8 22,604
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Table 40, Numbers/m of benthic macrofauna by major taxa in April, 1971.

Data are based on one sample per station. The conversion factor
for original counts is 18.13. (See Table 38 for legend)

Station Amph 01i t{ Sphr Chlr Hiru Ciast TOTAL

DC-1 90 36 126
NDC~.5-1 72 108 18 198
SDC-.5-1 72 54 18 144
NDC-1-1 126 36 162
SDC-1~1 18 18
NDC-2-1 36 36
SDC"2-»1 36 IS 54
NDC--4-1 18 18 36
NDC-7-1 36 36
SDC-4~1 18 18
SDC~7-1 18 18
DC-2 290 2,030 870 308 36 3^534
NDC-.25-1 181 1,939 562 290 36 56 3„044
SDC-.25-1 36 54 18 18 'l?6
NDC-.5~2 18 271 54 235 578
SDC-.5-2 815 145 145 18 1,1?3
NDC-1-2 36 3,154 507 362 4,059
SDC-1-2 18 18 36
NDC-2-2 18 18 36
SDC-2-2 18 18 90 126
NDC-4-2 -110 animals- none
NDC-7-2 108 18 36 162
NDC-7-3 217 217 326 36 796
SDC-4-2 54 271 72 253 36 686
SDC-7--2 362 326 181 869
SDC-7-3 36 3,281 271 163 3 75I
I)C»3 18 36 652 "7O6
NDC-.5-3 290 7,415 54 ,07 13 8 484
SDC-,,5-3 416 598 1,160 235 36 2^445
NDC-2-3 380 3,335 471 253 18 18 4*475
SDC-2-3 453 1,468 308 108 36 2*373
DC-4 2,792 2,792 1,B6-/ 163 54 131 7*849
NDC-1-3 181 1,396 344 54 18 1*993
SDC-1~3 108 181 416 54 36 "795
NDC-4-3 36 90 18 I44
NDC-7-4 1,305 4,731 380 217 18 6 651
SDC-4-3 126 3,136 1,758 471 181 163 5*335
SDC-7-4 416 • 36 18 18 18 * 506
DC-5 6,943 14,340 1,142 271 54 22 750
NDC--2-4 9,391 6,327 888 18 18 18 16*660
SDC-2-4 4,858 5,148 2,918 36 36 12*996
NDC-7-5 2,737 5,874 3,118 235 145 126 l2'-?35
SDC-7-5 416 6,907 380 145 7'848
SDC-4-4 2,465 5,692 2,284 18 18 10*477
DC-6 6,200 9,173 2,574 163 18*110
NDC-4-4 10,007 5,765 924 308 17*004
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Table 41, Numbers /m of benthic macrofauna by major taxa in July, 1971,

Data are based on one sample per station. The conversion factor
for original counts is 18.13. (See Table 38 for legend)

station Amph OllR Sphr Chir Hiru Gast TOTAL

DC-1 -no data- ND
NDC-.5-1 145 670 815

SDC-,5-1 18 235 253

NDC-1-1 181 1 ,051
*

1,232
SDC-1-1 416 453 869

NDC-2-1 36 72 453 561

SDC-2-1 18 18 18 362 416

NDC-4-1 108 308 416

NDC-7-1 36 18 72 126

SDC-4-1 -no data- ND

SDC-7-1 18 36 489 543

DC-

2

1.,522 1,015 507 507 18 54 3,623
NDC-.25-1 1.,305 235 852 1 ,087 18 3,497

SDC-.25-1 1,,722 1,450 979 2 ,501 54 18 6,724
NDC-.5-2 181 2,012 326 217 2,736

SDC-.5-2 181 1,087 217 290 36 18 1,829

NDC-1-2 90 489 290 924 1,793
SDC-1-2 1>,541 5,275 1^,323 1 ,051 18 36 9,244

NDC-2-2 90 833 181 145 1,249

SDC-2-2 145 1,667 181 271 145 36 2,443

NDC-A-2 36 36 72 144

NDC-7-2 72 997 54 163 18 1,304

NDC-7-3 779 54 54 54 941

SDC-4-2 108 707 90 217 308 18 1,448

SDC-7-2 18 652 36 145 18 869

SDC-7-3 525 18 199 145 36 923

DC-3 670 326 18 18 1,032

NDC-.5-3 145 6,037 924 126 54 7,285

SDC-.5-3 1,,831 616 90 36 2,573

NDC-2-3 2,,520 2,538 235 18 5,311

SDC-2-3 1,522 18 36 1,576

DC-4 4,,496 8,847 670 36 290 14,339

NDC-1-3 2,,175 181 380 72 2,808

SDC-1-3 1,,323 199 253 18 1,793

NDC-4-3 1,,323 253 54 54 1,684

NDC-7-4 2,,320 1,069 181 54 3,624

SDC-4-3 4 ,550 5,239 2 ,810 90 72 145 12,906

SDC-7-4 3 ,100 10,533 924 36 18 14,611

DC-

5

10,,606 2,973 4 ,079 145 17,803

NDC-2-4 20 ,631 6,925 2 ,284 54 18 29,912

SDC-2-4 8 ,539 4,514 2 ,066 18 18 15,155

NDC-7-5 8 ,212 1,178 3 ,988 54 90 13,522

SDC-7-5 2 ,139 6,508 1 ,414 90 18 72 10,241

SDC-4-4 4 ,097 6,581 2 ,375 18 72 13,143

DC-

6

-no data- ND

NDC-4-4 10 .424 6,254 3 ,063 72 19,813
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Table 42. Numbers/m of benthic macrofauna by major taxa in September, 1971

«

Data are based on one sample per station. The conversion factor
for original counts is 18.13. (See Table 38 for legend)

Station

DC-1
NDC-.5-1
SDC-.5-1
NDC-1--1

SDC-1-1
NDC-2-1
SDC--2-1

NDC-4«'l

NDC-7-1
SDC-4-1
SDC-7-1
DC^-2

NDC-«25"-l

SDC--.25-1

NDC-.5-2
SDC"-.5»«2

NDC-1-2
S DC™1-2

NDC-2-2
SDC-'-2-»2

NDC-4-2
NDC-7-2

SDC-4^2
SDC--7-2

SDC-'-J-'B

SDC-.5--3

NDC-2«3
SDC-2-3
DC--4

NDG-1-3
SDC-»l-3

NDC--4-3

NDC-7-4
SDC-4-3
SDC-.7-4

DC-5
NDC-2-4
SDC-2-4
NDC-7-5
SDC-7~5
SDC-4-4
DC-

6

NDC-4-4

Amph Qlig Sphr Chdr Hiru Gast TOTAL

-tiO dat':i-

924 72 163
1,269 90 290 54

453 ISl
181 634

290
18 18 163 18
18 18 18 235

1 9

18 18 145

199
1,504 1,722 398 398 90
1,142 2,084 435 435 23T.

1,250 1,740 580 507 271
36 2,538 525 199 18

126 2,139 471 145 72
416 580 235 344

1,087 4,351 1 ,341 398 199
181 308 13 3 99
145 1,976 416 12c 90
72 103 143 18
18 217 36 72

1,450 6,073 1 ,069 ^35 72
108 2,103 253 131 36

670 72 181 IB
145 797 90 562

-ao cata-
4,206 1,269 471 380
1,667 5,094 1 .015 562 54

743 290 54 290
1,976 2,356 852 344 36
3,571 2,066 1 ,468 90
4,351 5,094 1 ,414 72 18
6,109 5,692 779 36

1,577 2,683 290 54
6,635 6,744 2,,320 145 253
6,381 2,773 1;,069 90
1,559 2,701 181

13,325 8,031 3,,372 54
18,601 8,448 979 90
6,146 8,013 1,,595 90 18
5,602 6,689 1,,105 181
3,136 6,780 906 108 18
6,291 4,768 616 72 36

11,494 6,418 3,,209 18
8,629 4,260 3,,227 36

ND
1,159
1,703

634

815
290
217

289

72

181
18 217
18 4,130
36 4,367

4,^48
18 3,334
18 2,971
13 1,593

IAj 7,j2i
706

72 2,825
343
343

54 8,953
3b 2,717

941
i,594

TO
36 6,362
18 8,410

1,377
18 5,582
18 7,213
36 10,985
36 12,652
18 4,622
18 16,115

145 10,458
4,441
24,782

36 28,154
15,862

36 13,613
18 10,966
36 11,819

21,139
16,152

-185-



2
Table 43 • Numbers/m of benthic macrofauna by major taxa in November, 1971.

Data are based on one sample per station. The conversion factor
for original counts is 18.13. (See Table 38 for legend)

Station Amph Olifi Sphr Chir Hiru Cast TOTAL

DC-1 18 54 54 126

NDC-.5-1 18 36 18 72

SDC-.5-1 108 36 18 162

NDC-1-1 —no animals- none
SDC-1-1 18 108 36 162

NDC-2-1 18 36 36 90

SDC-2-1 54 435 54 543

NDC-4-1 —no animals- none
NDC-7-1 -no data- ND
SDC-4-1 108 18 18 144

SDC-7-1 -no data- ND
DC-

2

1,269 326 308 18 1,921
NDC-.25-1 18 453 344 308 18 126 1,267
SDC-.25-1 308 2,574 308 344 54 36 3,624
NDC-.5-2 36 308 181 36 18 18 597

SDC-.5-2 108 2,066 108 362 54 54 2,752
NDC-1-2 126 290 1 ,976 380 90 2,862
SDC- 1-2 543 126 72 741

NDC-2-2 54 290 181 253 778
SDC-2-2 90 398 163 271 18 145 1,085
NDC-4-2 18 290 235 543
NDC-7-2 -no data- ND
NDC-7-3 -no data- ND

SDC-A-2 199 54 54 18 72 397

SDC-7-2 -no data- ND
SDC-7-3 -no data- ND

DC-

3

1,541 54 543 2,138
NDC-.5-3 435 14,775 1 ,939 1 ,939 181 126 19,395

SDC-.5-3 235 670 145 507 36 1,593
NDC-2-3 271 253 126 72 18 740

SDC-2-3 525 2,338 598 271 72 18 3,822

DC-A 217 8,938 2 ,284 1 ,396 271 217 13,323

NDC-1-3 815 4,496 1 ,450 308 235 72 7,376

SDC-1-3 163 12,147 3 ,789 1 ,631 580 398 18,708

NDC-4-3 362 90 54 506

NDC-7-4 -no data- ND

SDC-4-3 2 ,918 3,988 1 ,105 217 18 308 8,554

SDC-7-4 -no data- ND
DC-

5

10 ,805 6,617 1 ,269 108 18 145 18,962

NDC-2-4 7 ,106 3,771 870 18 18 54 11,837

SDC-2-4 4 ,006 9,119 1 ,649 271 36 18 15,099

NDC-7-5 -no data- ND

SDC-7-5 -no data- ND

SDC-4-4 3 ,172 7,723 960 108 18 54 12,035
DC-6 8 ,992 6,925 1 ,250 18 17,185

NDC-4-4 12 ,962 6,943 1 ,976 36 21,917
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Table 44, Numbers /m of benthic macrofauna by major taxa in April, 1972.

Data are based on one sample per station. The conversion factor
for original counts is 18.13. (See Table 38 for legend)

Station Amph Olig Sphr Chir Hiru Gast TOTAL

DC-1 36

NDC-.5-1 18
SDC-.5-1 18 362 36 743
NDC-1-1 -no anlmals-
SDC-1-1 18
NDC-2-1 36

SDC-2-1 108 271
NDC-4-1 18

NDC-7-1 -no animals-
SDC-4-1 54 290
SDC-7-1 36 290
DC-2 217 2,501 562 707

NDC-.25-1 36 5,547 743 870 54

SDC-.25-1 126 960 235 598

NDC-.5-2 36 870 489 562
SDC-.5-2 90 1,015 54 326
NDC-1-2 13 181 72

SDC-1-2 90 2,338 344 634 18

NDC-2-2 54 308 IB 308
SDC-2-2 90 362 90 199
NDC-4-2 36
NDC-7-2 -no data-
NDC-7-3 416 543 362 163
SDC-4-2 36 362 126 217

SDC-7-2 18 217 72 271
SDC-7-3 18 145 108 181 18

DC-3 489 72 217
NDC-.5-3 126 1,649 797 580 54

SDC-.5-3 126 253 90 108 54

NDC-2-3 145 2,465 362 580 18

CDC-2-3 72 2,810 852 543

DC-4 471 7,143 489 380 36

NDC-1-3 181 471 235 36

SDC-1-3 688 3,879 380 181
NDC-4-3 36 471 18 36 18
NDC-7-4 489 598 108 199

SDC-4-3 398 2,628 2,755 507 36
SDC-7-4 525 416 36 54

DC-5 4,804 5,892 398 72

NDC-2-4 7,306 12,890 489 235
SDC-2-4 1,214 8,104 3,390 398 36

NDC-7-5 1,087 3,571 380 453 54

SDC-7-5 235 8,321 1,559 598 108
SDC-4-4 1,450 6,309 2,846 90 18
DC-6 6,544 7,578 1,178 72

NDC-4-4 5,765 11,331 1,323 72
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36
18

18 1,177
none

18

36

379
18

none
344
326

36 4,023

108 7,378
1,919

54 2,011

36 1,521

54 325

3,424
688

54 795
36

ND

18 1,502

36 777

578
470
778

18 3,224
631

36 3,606
4,277

54 8,573

36 959

5,128
579

18 1,412

163 6,487
1,031

11,166
20,920

90 13,232
5,545

54 10,875
18 10,731

15,372
18,491
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ô
* • XJ 'H

2S r~l CO (U is:dB -4- U ^^ 0) M CU

0) 4-i cd ^
M (U S cd

d ^
W) <D
•H a »^ d
P4 -H Cd «H

-188-



Most of the interpretation of the earlier major surveys is presented

in Section 2 below, along with information at lower taxonomic levels • Inspec-

tion of the data indicates that while variations do occur among the samples

from one station in different seasons j, and anong those from adjacent stations

in any one survey, there is considerable similaiity airong samples from any

one month and depth zone. Statistical tests of these observations will be

forthcoming.

The stations nearest shore (0-8 n) underwent similar changes for the

two successive years: April samples had fewest animals, July samples were

richest in Chironomidaej^ and S^eptember and November samples yielded more Olig-

ochaeta than did those in other months*

In the depth interval S - .6 m, Amphipoda v/ere more numerous in July

and September than in April or November. In agreeinent: with observations on

10 July 1970, data given in Part IX, stations in the cenLsr of the survey area

tended to have larger densitiep of benthos than those in the north of the sur-

vey area (see stations DC-4, NDC-1-3, and SDC-l-S). In addition, stations

SI)C-7-3, SD07-4, and NDC-1-3 each had in excess of 20,000 oligochaetes per

m^ on one occasion^ indicating local ana perhaps tenpcrary degradation of

tiie sedimentary environment.

The observation in Part IX that the shore zone is generally poor in ben-

thic animals is substantiated by the subsequent data. As noted above, Olig"-

ochaeta tend to be locally abundant in the autumn. However, at no time did

Amphipoda or Sphaeriidae occur in large populations at depths less than 8

meters, or within a quarter mile of the beach. The Chironomidae are most a-

bundant in this shallow inshore zone and produce the July maximum there.

The July chironomid maximum is due to numerous species which are small enough

to escape through the screen during washing, except in summer when they en-
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large just before they emerge into adult midges.

Data from two short surveys of May and June 1972 are given in Tables

45 and 46. These data indicate that the increase in Amphipoda, which was

noted between the April and July major surveys, occurs between early May and

early June. Increases in chironomids and oligochaetes also occur in that

month-long period.

These tables, in conjunction with the data from the seasonal surveys,

have been used to define depth zones wherein simultaneous changes in sedi-

ment composition and composition of the benthos population commonly occur.

Abrupt increases in Amphipoda, Sphaeriidae and Oligochaeta occur between 7

and 13 meters, and in Amphipoda and Oligochaeta, again between 22 and 25 me-

ters. These changes correspond to changes in the character of the sediments;

in less than 7 meters, coarse and medium sands predominate; between 8 and

22 meters, fine sands with some silt are most frequent; and between 22 and

25 meters, gelatinous silt and clay generally become dominant. Since the

zones of changes are somewhat smeared, a certain degree of arbitrary selec-

tion has been used and depths of 8, 16, and 24 meters have been chosen as

boundaries between zones.
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Section 2. Coiomunitv structure

Prior to the present study, very little infoniuation was available about

the benthos of shallow sandy bottoms of the Great Lakes. Data on the rela-

tive abundance and identity of individual species in this part of Lake Michi-

gan did not exist* Therefore, the task of fundamental description of the

b€inthii. cominuuity structure h^c! to be added to the central goal of ordinar\^

population assessmeata In addition to the simple listing of the species

found, it is necessar}'^ to attach significance to the species composition

oi: the coiJimunity
J,
and to the ways i:i which thtr. coxmnunity varies within and

araong depth ^^one:5* Species l>3vel information can then provide a .supplementary

means of .u?t acting changes in the benthos, one which may be much more sensi-

tive than simple abundances^ and which frequently reveals more about the fact-

ors wbtch couse observed ch.anges. We ha\»e, therefore, invested great efforts

^p obtaining species Irrvej,. data^ as well as in sorting and counting the num-

bers of animals.

Figure 41 shows the siirvey area with station locations and depth con-

tours . Trie stations considered in this se.^tion are the regular systematic

survey st^uions. They range in depth from about 4 to 46 meters, and so in.«

cl de the zone of strongest thermal stratification as it intersects the side

of the lake* Sediment types here are graded from coarse sand in the shallow

nearshore area to gelatinous silty clay in the deeper reaches. Divers have

observed, however, that sediment types do not change smoothly with increas-

ing depth. Patches of silt and dark organic ooze occur in zones which are

predominantly clean fine sand.

The existence of gradients and sedimentary heterogeneities should be re-

flected in the abundance and species composition of the benthos. In this

section we describe seasonal variations in benthos species composition, and

193-



then show how the benthic community structure changes with the depth gradi-

ent. Since these samples were not replicated at single stations, local sed-

imentary heterogeneity must be examined in the context of the later sampling

design.

Methods

Our standard procedure since the beginning of the benthos surveys has

been to collect a single sample, composed of one or two ponar grab hauls,

2
from each station. Each grab haul has a surface area of about 0»06 in , so

that a factor of 18.13 is used to convert data to the conventional base of

one square meter. The samples are washed in a funnel-shaped elutriation de«»

vice which allows rinsing of the animals and lighter sediments over onto a

0.5 mm screen. Residues of sand and coarser materials are discarded. Part-

icles and animals smaller than 0.5 mm in their least dimension are partially

lost through the screen, but smaller animals are often retained, while active

and elastic oligochaetes somewhat larger than this may escape. The residue

on the screen is washed into a sample bottle and preserved with buffered form-

alin. In the laboratory, samples are sorted under strong light against a

black background, usually without magnification. Oligochaeta and smaller

Chironomidae are mounted on slides and identified at high magnification,

Mr. D. Klemm of the University of Michigan Museum of Zoology identified re-

presentative leeches, but available taxonomic keys were used to identify the

other animals.

Species diversity indices for July 1970 data were calculated by the meth-

od of Shannon and Weaver :

d « -Z(n^/n)log2 n^/n

Shannon, C. E. and W. Weaver. 1963. The mathematical theory of communication.

University of Illinois Press, Urbana. 117 p.
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where n./n is the percent of the population represented by each species in

the population.

Results

In order to present species data meaningfully^ we must divide them into

several categories. First is the group of species which have been picked

from sieve residues routinely since tha first survey (Table 47). Second is

a group of species which can be picked from samples taken by standard pro-

cedures , but which for one reason or another have not been picked consistent-

ly (Table 48a). Third come those animals which occur in the residues, but

are not strictly benthic, i. e, they were captured in midwater as the grab

descended (Table 48b). Finally, there are some benthos which are small e-

nough to escape very easily through the washing screen, but which are fre-

quently seen in the residue (Table 48c). Beginning with the samples taken

in August 1972, all animals in Table 48a will be picked consistently. Some

of these, such as the Naididae and Platyhelminthes , are common in the samples,

but others have not been seen in benthos samples simply because they are so

rare. Species diversity indices are based only on species listed in Table

47.

Many species remain to be identified, but progress has been made since

Part IX. Pisidiym species are still not distinguished, and the species in

Gastropoda genera have not been named. A number of Chironomidae have been

reared, but not all reared specimens have been examined. The abbreviations

"cf" and "-gr." in Chironomidae names refer to the uncertainty of larval-

stage identifications. The former means "near," and is used when a distinct-

ive larva is known to correspond to a certain adult species. Since more than
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3:i,'.i , u .;;

28.0 0.13
3.21

^: . C ' u ..G

Table 48 , Other invertebrates from benthos samples.

a) Species which were ncx picked quar^tlCii^r^ ^ely irom Fonar grab aaaplea

before July^ 1971

»

CkmmaniB sp» (Amphipoda)

rlyodrilue ternptetoni (Xurd tlcid^e^ '.:! i.gocha^tr^t^)

Trlchoptera. sp*.

Haididae in July^ J'97i &ampies x/m^' rveq.

Chaetogas tev s p .

IJnainais iinaina t€i

Nats pardalis
N^n-€ sp*

FTistina lorLgiseta 3*5 ^(;3

Hydixx sp* (CcelenleraLa.)

Plat^/'helmiritlies sp

.

Eumcereue lamellatus iCladccer i::)

Hydracaxiria sp.

b) Species ^hicli are not vvxi'iobeni::'i,c, r/ut nc. ux' vft^ti in Pcnar grab

siMaples

Mysis peliata (see part 5, b<i''ow)

Limrioaalanus maarui'us KCopeyo>n&)

Levtodora kindtvl (Cladoceid)

c) Species which are loo smal't zc- b<i ra:;.sixiK:!u qi;i:iit j tai::ively in our

0.5 mm-mesh sieve.

Nemacoda spp.

Karpactieoidea sp, (Copepoda)

Ostracoda spp.
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one species has frequently been reared £rom a single larval type, the Identi-

fication cannot be considered positive. The latter refers to a larval type

which Is known to correspond to several adult species. Different larval

types of the genus ChiTonamua are taken here to Indicate distinct adult spe-

cies when they occur together. The system of generic nomenclature Is that

proposed by Hamilton, Saether, and Oliver.

The species ChiToncmu8 attenuatus and C. anthracinus have been reared

from anthraclnus -gr. larvae. Paracladopelma nereis was identified from rear-

ed adults. Prooladius culiciformie has been identified from reared larvae,

but it is possible that other species of this genus are also numerous, for

larval differences are minor. PolypedClum^ Cryptochironomus , Tanytarsini»

and other Chironomus species have been reared, but not yet identified.

The relative abundances over the entire survey for dominant taxa are

given in Table 49. In July 1970 and 1971, and in April 1971, Pontoporeia

was the most abundant animal. This species mates in midwinter, but females

carry their young until late May or early June, at least at depths less than

22 meters. Just after the young are released, the population reaches a max-

imum. Deeper than 22 meters, seasonal differences in size and maturity of

Pontoporeia become less distinct, as do differences in abundance.

The oligochaete Stylodrilus heringianus was most abundant in April.

The proportion of mature individuals was about 60% in April and July 1971,

but less than 40% in November 1970. Perhaps these worms have an annual aver-

age life cycle in which adults reproduce in summer and decline in autumn,

while the winter is spent in growth and maturation. The cycle is not distinct,

however, because large portions of both mature and immature worms are always

present. The strongest feature of the seasonal changes is the population

1 Hamilton, A. L. , D. A. Saether, and D. R. Oliver. 1970. Tech. Report

Fish. Res. Bd. Canada 124.
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Table ^^. Contribution of dominant taxa to the benthos community.

% of Total Fauna

Jul 197Q Nov 197G Apr 1971 Jul 1971

PoK f vo >'€ia ctffini e 45 - 9 22,8 33.8 37.6

Sv, iodp i lup heringi:'.mus 14.8 6.7 22.1 11.5

Tu, xf-<cicic!t 16.3 43.,i 24.2 33.8

.'.',. haevii')i\ ni-t'i.ilurn 4,2 2.4 2.9 2.0

?i^S'.d: spp. 8.6 17.2 12.2 9.0

Chlroncmidae 4.7 6.8 3.6 5.2

ReTr>» i,rsCt?t 1.5 o.y 1.2 0.9

Total ?"m 3528 5906 3641 6810
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minimum in November. Tubificidae are composed predominantly of Lvrmodx^lua

hoffmeisteri^ with moderate numbers of Potamothrix moldovieneie ^ P. vejdovakyi^

and PelosQolex freyi. L. hoffmeiateri ia cosmopolitan, and the other three

species are associated with moderate enrichment » such as occurs in parts of

Green Bay and the central basin of Lake Erie, This species association in-

dicates some enrichment, but not serious pollution of the survey area. On

the other hand, a few samples have contained large numbers of Tubificidae

2
(>10,000/m ) with important proportions of Lirmodrilus cervix^ and Tubifex

ttibifex. The stations at which such samples were taken did not have such

high densities in other surveys, so it appears that local pockets of highly

organic mud occur irregularly over middle depths in the survey area. Exam-

ples are SDC-7-3 in November 1970; SDC-7-4 and DC-4 in July 1971; and, to a

lesser degree, NDC-2-3 in November 1970.

SphaeriiAm nitidum is a cold stenothermal species which is almost com-

pletely restricted to depths between 18 and 33 meters. Its numbers vary lit-

tle from season to season.

Pisidium species as a group were low in relative and absolute abundance

in the two Julys and highest in November 1970. This evidently represents

autumn reproduction. Yet it may be attributable to only one or two of the

more numerous Pieidivm species.

Chironomidae are clearly the most seasonal of the major taxa. Some spe-

cies occur in much larger quantities, or exclusively, in July; Paraotadopelma

nereis and Parachironomus cf. demeijerei^ small species restricted to depths

less than 8 meters; Polypedilum cf. scalaenum; and Paracladopelma obecura.

These species are emerging during July samples, so those which have already

left the lake are never seen in major surveys. Other species evidently emerge

after April, and are present mainly in November and April samples: Monodia--
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meea cf, bathyphila and Potthaetia cf . langimcm^it'. ^ A few larger species oc-

cur all year, either because the smaller instars are retained in the sieve

^

or because the small stages are passed in a very ^hcrt time, and the length

of the fourth and last larval instar constita^ :h most of an animal ^s life--

span. These species emerge froEi July to October: Chivonomue spp», Crypto--

ahironcmuB sp. 2, and FvooladiuB spp*

The Chironomidaej^ along with Tubif ic.idae and Visidi^im^ were Biuch E^ore

numerous in July 1971 than i.x\ -July }97C (Tabic. 5Q^ and Figures 42 and 43 ) ,.

The increases in Tubificidae were apraad evenly over the species. Changes

in Chironomidae could be partly due to later timing of vhe surve^^ date in

the emergence period of some spe.ci'^B^ but the i.ncreafoes in (MiTinoffnu^ iitid

Tanytarsini species probably ritpresent real changes in population eize,, tT'O-

oladiuBf in contrast ^ was less numi^^rous J:^. Ju,]y 1971. The kind-^ of species

which increased as a group indicate that a generally ber:^.ficial Increase in

the food supply to benthos occui^red in July 1971.

Tlie most numerous genera uf Chironornidae ara interi.stingly , those ehar--

acteristic of typical eutrophic lakes? Chirjnc^ius ^ CryptochironamuSj Poly--

pedi'lum^ and Procladius^ Tliese co-«occur with sr.all .ajmber^ of forms gcir-eral™

ly found in oligotrophic lakes: Tanyteiaini^ Eetex^otTi-SBortladins^ Monodia^

mesa^ Potthastia^ and Paj*aoladopelma cf * obacmra* Genera of mesotrophic lakes

(Sergentia/Phaenopseatraj StictoaHronamus) are absent, a^? are species associ-

ated with aquatic raacrophytes. Two species appear to be especially adapted

to frequently disturbed, shallow, sandy bottoma^ and have been found rarely

or never in North America outside of the Great Lakes: Paraoladopelma nereis

and Parachironomus cf • demeijerei.

Other taxa account for less than 1.3% of the fauna in all seasons* Be-

cause of their size, Sphaerium striatinum^ the Gastropoda, and Helobdella
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stagnalis would appear more important if the data were in biomass form.

The species data support a subdivision of the depth gradient into a ser-

ies of zones • Depths less than 8 meters (Zone "0") include most of the two

small, unusual chironomids and are virtually devoid of Sphaeriidae and PontO"

poreia. Between 8 and 16 meters (Zone "1"), Pontoporeia^ Tubificidae, and

Piaidiwn become moderately abundant, and PelosQolex freyi^ Limnodrilus angue-

tipenisj Cryptoahironomua sp, 2, Chironomus spp., and Polypedilum cf. saalaenum

occur mainly in this zone. Between 16 and 24 meters (Zone "2"), Pontoporeia

and Pisidium reach high abundances, Stylodrilus becomes abundant, and Sphaer-

ium nitidum occurs almost exclusively. Deeper than 24 meters (Zone "3"), a

balance of Pontoporeia^ Stylodrilus^ Tubificidae, Pisidium^ and probably Het-

erotrissocladius cf. subpilosus becomes established, the typical benthos of

the Great Lakes* profundal zones.

This pattern of zonation is supported also by seasonal changes in Pon-

toporeia populations (Figure 44).

These distributions are represented in Figures 42 and 43, and Tables 50

through 52. It was on this basis, as well as on the analogous changes in to-

tal numbers of benthos, that the stratification of the survey by depth was

designed.

Species diversities for July 1970 samples are shown in Figure 45. They

show a tendency toward moderately low, consistent diversities near shore, but

highly variable diversities farther out. The cases in which diversities were

very low offshore were due to very large proportions of Pontoporeia in the

samples. This suggests that, in the Great Lakes, the usual relationship be-

tween low diversity and degredation of the benthic environment is not always

valid. Near shore, low diversities are due to the very few species which oc-

cur there. The equable distribution of individuals among those species coun-
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2
Table 50. Mean numbers per m bv depth itneb tor dcmiriant species for

July, 1970.

Species 0-8m 8-16m 16-24td >2Jm

Pontoporeia affinis

S t-y lodri lus iieri ngtanus

Lirmodi^i lus hoffmeisten (ma t ur a

)

LimnodriluB anjustipenij ^marure

)

Pe I oseo Lex frey t (ma cu r c ).

Spkae2*U4m nitidur.

Pisidiwn spp,

Chironomua anthracinus-gr

.

Cryptoohironomus sp. 2 3V' 71 5 u

Pamaladcpelma nereia 15.;^^ 2 ^''

5

Parachi'PononruB cf* demeigerei 24 2 I

Polypedilum cf. aaalaenurn 17 1

2 704 3 ,455 U .670

2 b i ,255 ]. ,420

21f> 506 230

J.. / 9 2R

3C 35

c ') iv26 i22

;i,72 b20 431

r> 2 36 13

*2i'/"



2
Table 51. Mean numbers per m by depth zones for dominant species for

November, 1970.

Species 0-8m 8-16m 16-24m >24m

Pontoporeia affinis

Stylodrilus heringianus

Limnodrilue hoffmeisteri (mature)

Lirnnodrilus angustipenis (mature)

FelosQolex freyi (mature)

Sphaerium nitidum

Fisidiwn spp.

Chironomus anthracinus-gr.

Cryptoahironomus sp. 2

Faracladopelma nereis

Paraahironomus cf. demeijerei

Polypedilum cf. scalaenum

15 214 1,584 5,345

68 360 1,664

14 725 164 93

78

53 35

36 384 36

.00 985 1,105 1,977

140 17 4

36 111 3 J

5

1
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Table 52, Mean numbers per m by de*>th zor? for dominant species for
April, 1971.

Fan t >-por*eia affinis

S ci^ :'. odri lue hevino iarus

Limncdvi lus koffnmir tcvi (mr, ture

)

L'imnodr'^ I'iS angu8tiper:is (maiutf*)

Pe losao lex freyi (mature

)

Spyiae''Hwn nitidun

Pis'ldriur spp^

^hiro?iomus aathracinus-gr

.

Cr*iji: boak irjncmus s p . 2

Faraoiado'^-elrno. nereis

Pcu c.^'th 'ro':i.GJnus ci . denci^e'pei

Poli^pjdilum cf. scaiaenim

0«8m 8-«16m 16-24m >24m

20 59 1,054 6,756

4 11 892 3,919

22 ?9 284 327

6 34 23 15

t

2 3

\J 2 261 116

54 238 581 1,373

9 22

17 107 12
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Figure 44, Percentage of Pontoporeia affinis in several size and sex condi-
tions in bottom grab samples from Cook Plant benthos surveys. Each set of
axes is based on several combined samples from one survey within the depth
zones defined in the text. In the lower left corner the scales and meanings
of the axes are shown. The vertical axes are % of total counted in each zone
and month. The horizontal axes are size (immatures only, left side of ver-
tical cross-line) and sexual condition (right side of vertical cross-line).
The bars of the histograms are for the classes immatures <3 mm, 3-5 mm, 5-7 mm,
and >7 mm, and for gravid females ($g), spent females ($s), and males ((f).
The downward-pointing arrows indicate that >0% and ^2% were found in that
class in the corresponding samples.
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teracts the low number of species to some extent, and increases the index

slightly. There is no support for a conclusion that low nearshore diversi-

ties are the result of a degraded environment, when the species which occur

there are considered* Since the interpretat^ sin of species diversity values

in this environment is complex, we believre that the use of such indices to

detect changes due to plant effects will be difficulty and lass reliable than

simpler information about the relative and absolute abundances of single spe-

cies •
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Section 3. Statistical analysis and the stratified random survey plan for
benthos. July 1972

If solid proof of ecological change or lack of it in the Cook Plant sur-

vey area is to be achieved, adherence to the prerequisites and rules for anal-

ysis and interpretation of statistics must be maintained though several com-

plete surveys. The primary goal of the analyses is to develop techniques

which will discriminate among benthos communities and populations with the

greatest possible sensitivity, and which will make full use of all informa-

tion that is available. Preliminary data are used mainly to define zones of

similar species composition and abundances. Separate analyses within these

zones can determine whether or not they are valid. If so, the capacity to

detect change will be improved, because the variability will be less at any

one time among samples within smaller, more homogeneous biological zones.

A sampling plan can then be adopted which meets the design requirements for

analysis. The data can then be examined for consistency with the rules con-

cerning frequency distributions and interrelationships among moments of the

distribution, and their form adjusted by transformations as necessary. \^en

all statistical prerequisites or assumptions are met, differences among zones

within regions, the same zones in different regions, and the same zones in

different seasons, or before and after plant operations, can be tested. Le-

vels of statistical confidence about the reality of apparent changes can be

provided*

The data presented in Section 2 show that changes in species and abun-

dances occur at approximate depth contours of 8, 16, and 24 meters, and be-

tween 30 and 40 meters. This evidence has not been statistically tested,

but the sharp discontinuities in tabular data make such conclusions almost

foregone. Depth contours, or lines parallel to shore which approximated them
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were used to stratify the survey area Into fauna! zones. To test whether

differences existed between the so-called control areas, north and south of

the plant site, and the region directly to the front of the plant itself,

three regions were arbitrarily defined. One, called "D," is centered on the

plant itself, and extends one mile along shore in each direction. The other

two are between 5 and 7 miles from the plant; the north region is called "N"

and the south region, "S." Each region was stratified by depth as outlined

above into the following zones: "0" - beach to 8 m; "1" - 8 to 16 m; "2" -

16 to 24 m; and, "3" - 24 to 35 m. Three random sampling sites are chosen

in each of the 12 zones. This is done by defining square areas 100 'x 100'

in zones and 1, and 200 'x 200' in zones 2 and 3. It is assumed that the

ship has equal likelihood of being anywhere within the square when the cap-

tain is asked to stop at the center of it« The boat drifts somewhat during

each station due to wind and currents, and it is deemed reasonable that suc-

cessive casts are randomly located within the sampling site (square). The

navigational charts we use are scaled so that the size of an ordinary pencil

dot is almost as large as a 100' x 100' square. Each zone is divided into

appropriately sized squares on a coordinate system, and two coordinates are

obtained for each sampling site from a table of random numbers. Figure 46

illustrates the pattern of zones and stations. At each sampling site in zone

2
0, five full-sized ponar grab (0.05 m ) casts are made. Similarly, three

2
modified ponar grab (0.017 m ) casts are made at each site in zones 1, 2, and

3. The different numbers and sizes of samples are designed to reduce the

variance resulting from low densities of animals and patchy patterns of dis-

persion in the shallowest area. Offshore, faunal densities are higher, and

limitations on the time available to sort the samples required us to reduce

the number and surface area of samples. To speed up the analysis, we have
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Figure 46. Station locations in the systematic-random benthos sur-

vey of July 1972. Regions are indicated as N (north control), D (in

front of Cook Plant) , and S (south control) . Left numeral is the zone

number; right number is the sample number. See legend of Figure 42

for zone depth limits. Stations were chosen at random within zones.

The bases of the regions are marked off at the shoreline.
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bypassed the double-randomlzatlon aspects of the design and assumed that all

individual samples from a given square zone were from random casts within the

square zone. We intend to test this assumption at a more detailed level in

the near future.

The first data from this sampling design were obtained in July 1972.

They are presented as zone means for major and some minor taxa in Figures 47

through 58. Standard deviations of the observations are illustrated. It

should be noted that these deviations make no assumptions about the distribu-

tions of the number of animals per sample, and cannot be used to test for the

statistical significance of differences among means. They simply illustrate

the variability of samples within zones.

Except for a decline in zone N-2 (16 - 24 m) , total animals (Fig. 47)

increased in successive zones from shore outward. The standard deviations

were approximately the same as the means in each region for zones 0, 1, and

2, but they were much reduced in zones 3. The same basic pattern was true

for Pontoporeia^ Stylodrilus ^ Tubificidae, and Pisidiimi. Pontoporeia usual-

ly had lower proportional standard deviations, and the standard deviations

in zones 3 were not reduced as markedly for the Oligochaeta and Pisidium.

Pontoporeia was relatively abundant in zone N-2, unlike total animals and

the other three groups mentioned.

Less abundant taxa had other patterns of distribution. Sphaerium stri-

atinum was most abundant in zones 1 (8-16 m) and 2 (16 - 24 m) , but was

weakly represented in the north region. Sphaerium nitidum was absent from

zones and 1, and was most abundant overall in zones 3. Its relative abun-

dances in zones 2 and 3 were different in different regions, however. The

Chlronomidae larvae, with the exceptions of Proctadius and Monodiamesa (not

shown and never abundant), reached highest densities in zones and 1. Only

-218-



Figure 47* Maan number oer n ,:?t fot^^" ;:.eiu,-hic m&ctoiaxma In che 12 ?;':iri^ife

of the systematic-ran-rioiG auj;vay., July 1972. Iha line across the tottcm :1s

the shoreline, and the zones extead out la i1*3 "hori^.onc&i'-* pl.ma fdlBtance
scale inset), ZoBes are la>^-all^-^ -i^lth r^^.^ior'^i^ to the rigbr -.^ f*a<;:h . The
"vertical'' bar^^ are tae means ^se^ Bca„^a lxis€*'> oi aiJ. re.pl j ca?:ec^ ar^d :>ri*'

tions in each zone with associated stand^ard devicttlona,* I) « CcdV Plant
region; N «* NorUi control region; S ^^ ^o-c^ v^nrrol r^t^ion.
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Chironomus anthracinus-gr, larvae showed a stronger development in zone 0.

The distribution of C. anthracinue"gr. in July 1972 was very different from

that of July 1970, but not unlike the July 1971 distribution. The small Chir-

onomini which characterize the beach zone (0) were not distinguished below

this tribal level, and so were combined with Polypedilium cf . eaalaenim^

Since the last is most abundant at depths from 8 to 16 -m, this combination

of taxa obscured a clear distinction between zones and 1.

In all essentials the patterns of distribution evident from the system-

atic-random survey plan are the same as those from the former strictly sys-

tematic plan. The more recent data, however, illustrate very clearly that

the three regions are different; this was not as clear from the earlier plan.

The north region is poorer in all taxa. The central region (D) is richer in

Pontoporeia^ Sphaeriidae^ and Chironomus anthracinus-gr . than the south re-

gion, but poorer in Tubificidae, especially in zones 0-2. In zones 3, re-

gional differences are somewhat less. Absolute abundances overall were sim-

ilar to July 1971, but greater than those in July 1970.

Transformation of the data

As a general rule, benthos sample sizes tend to be contagiously dispersed;

i.e., most samples have relatively few animals, but a few have very many.

A rough test of this general rule is made by comparing the size of mean and

variance for replicates. If the variance is much larger than the mean, con-

tagious dispersion is assumed. Comparison of means and variances within zones

for the counts per sample (raw data) showed that variances were almost always

much higher than the mean. (Note: The squares of the standard deviations in

Figures 47 through 58 are not the same as sample variances because data in

the figures are converted to numbers per square meter.)
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3
Elliott suggests that when the variances are larger than the means the

appropriate transformation is the logarithm of the counts. If there are zero

counts a constant of one should be added to all counts before taking the log-

arithm,. Our sample surface areas differed between zones "0" and other zones,

so it was necessary to convert the raw data to a common areal basis before

performing statistics. Since benthos data are commonly listed in that form,

a basis of numbers per square meter was chosen. The transformation formula

is:

y « l^^iA (x -^ 57.4)

where x « density in numbers per m
y « transformed density

This transformation eliminated the correlation which existed between

means and variances. The discussion on "Normal distribution of data" which

follows provides evidence that the transfo'nD.ed densities also follow a normal

distribution for several important major taxa. To this extent, then, it is

a successful transformation.

Normal Distribution of Data

If sets of data are compared by use of the "t"—test, analysis of variance^

or other common tests for differences between populations, then all sets should

have a normal frequency distribution, i. e. , one which approximates a symmetric-

al, bell-shaped curve. To see such a distribution, one should have at least

50 observations, but the most we had in any single zone was 15. Zones had

very different means, so before observations from different zones were combined,

the mean was adjusted to by subtracting the zone mean from each observation

within a zone. Then all zones were combined to produce a total of 126 observa-

3. Elliott, J. M. 1971. Some methods for the statistical analysis of samples
of benthic invertebrates. Freshwat. Biol. Assoc. Sci. Publ. 25. 144 p.
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tions. The logarithmically transformed data were used for this treatment.

Frequency histograms were plotted with a class interval of 0.1 logarithmic

units.

The results for several taxa are presented in Figures 59 through 61.

The curves approximate normal distributions sufficiently well for the purposes

of our analysis. More detailed tests of the normality of these distributions

will be given in a subsequent report.

One-way Analysis of Variance Between Zones

Tables 53 through 55 show the results of analysis of variance using the

transformed data. Pontoporeia affinis (Table 53) had significantly different

population means in all four zones in the north region. The means increased

with depth. In the Cook Plant region ("D**) , zones 1 and 2 were not signifi-

cantly different
J
but all other pairs of zones were different. Again, abun-

dance increased with the depth of the zone. In the south region, zones 2 and

3 were not significantly different, but all other pairs were different. This

region also exhibited an increase in Pontoporeia abundance with increasing

zone depth. The pattern of differences among zones is also illustrated in

Figure 48, which further shows that the south region has more Pontoporeia in

zone 2, but less in zone 3 than the other two zones. The significance of

these differences between regions has not been tested, however.

Total Chirnomidae (Table 54) demonstrated a similar pattern in all three

regions. The first two zones, and 1, were always significantly different

from the deeper zones, 2 and 3. Zone differed from zone 1 only in the north

region; otherwise, the two shallower zones were not different, nor were the

two deeper zones. As in the case of total animals (next paragraph), however,

more differences among zones would be evident if species with differing dis-
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a . TOTAL ANIMALS

rrn .

• r.o •0.5
1 '"T

T 0.5 1.0

b . PONTOPOREIA AFFINIS

t
'

I ' »
'

I II t <

-1.0 -0.5 0.5 1.0

Figure 59. Sample size frequency distributions for total animals

(a) and Pontoporeia affinis (b) in the systematic-random survey of

July 1972. Sample sizes are given as logarithms of the numbers per

m^. Class interval is 0.1 logarithmic unit. The mean class is

marked as x. Vertical axes are numbers of samples within the cor-

responding size range. All zones and regions were combined by ad-

justing the means of each zone (see text) to produce 126 observations,
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a. TOTAL OLIOOCHAETA

rfm
-I— I >

-1.0 -0.5 0.5 1.0

-r- I I ,

-1.0

h
-0.5

b. PISIDIUM spp.

Iff ^.
0.5 1.0

Figure 60. Sample size frequency distributions for total Oligo-
chaeta (a) and Pisidium spp. (b) in the benthos survey of July
1972. See Figure 58 for legend.
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TOTAL CHIRONOHIDAE

.5^1. j^-n
1.0 -0.5

_rTm
X 0.5 1.0

Figure 61. Sample size frequency distribution for total Chironomi-
dae in the benthos survey of July 1972. See Figure 58 for legend.
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Table 53. Comparisons of Pontoporeia affinis in pairs of zones within each re-

gion; July 1972 Cook Plant benthos survey. Letters in the first column refer

to the region (N, D, S; see text), while numbers refer to depth zones (0, 1, 2,

3; see text). Means and variances are for the logarithmically transformed data

(see text). In each comparison (done as part of ANOVA) , the null hypothesis

was that the population means of total animals in the two zones were equal. Un-

der "Zone 1" are comparisons between "0" and "1" zones, and under "Zone 2" are

comparisons between "0" and "2" zones, and between "1" and "2" zones, etc. If

P ^ .05, the hypothesis was rejected. If P > .05, N.S. (not significant) was

entered.

Comparisons (P)

Zone Mean Variance Zone 1 Zone 2 Zone 3

N-O 1.87 .03 <.0001 <.0001 <.0001

N-1 2.5A .12 <.0001 <.0001

N-2 3.16 .10 <.0001

N-3 3.78 .08

D-0 1.80 .01 <.0001 <.0001 <.0001

D-1 2.84 .24 N.S. <.0001

D-2 3.12 .35 <.001

D-3 3.89 .01

S-0 1.82 .01 <.001 <.0001 <.0001

S-i 2.49 .38 <.0001 <.0001

S-2 3.44 .23 N.S.

S-3 3.61 .02
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Table 54. Comparisons of total Chironomidae in pairs of zones within each re-
gion; July 1972 Cook Plant benthos survey. Format as in Table 53.

Comparisons (P)

Zone Mean Variance

N-0 2.82 .04

N-1 2.54 .11

N-2 2.18 .05

N-3 2.21 .11

D-0 2.85 .35

D-1 2.92 .25

D-2 2.04 .06

D-3 2.25 .12

S-0 2.86 .12

S-1 3.09 .14

S-2 2.10 .04

S-3 2.04 .10

Zone 1 Zone 2 Zone 3

<.05 <.0001 <.0001

<.01 <.05

N.S.

N.S. <.001 <.01

<.001 <.01

N.S.

N.S. <.000i <.0001

<.0001 <.0001

N.S.
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Table 55. Comparisons of total animals in pairs of zones within each region;
July 1972 Cook Plant benthos survey. Format as in Table 53,

Comparisons (P)

Zone Mean Variance

N-0 2.92 .05

N-1 3.27 .16

N-2 3.30 .05

N-3 4.10 .07

D-0 2.92 .37

D-1 3.59 .28

D-2 3.76 .26

D-3 4.39 .01

S-0 3.07 .19

S-1 3.75 .14

S-2 4.04 .11

S-3 4.30 .01

Zone 1 Zone 2 Zone 3

<.01 <.01

N.S.

<.0001

<.0001

<.0001

<.01 <.001 <.0001

N.S. <.01

<.05

<.001 <.0001 <.0001

N.S. <.01

N.S.
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tributions were not combined into a larger taxonoraic entity for analysis.

Zones and 1 differ in the composition of Chironomidae species.

Total animals (Table 55) were always significantly different in compari-

sons between the shallowest and deepest zones* There was no significant dif-

ference between zones 1 and 2 in any region, however. In the south region,

zones 2 and 3 were not significantly different. Since differences between

zones 1 and 2 were significant for Pontoporeia and total Chironomidae^ we

conclude tiiat valaable information is lost when major taxa are combined in

quantitative analysis of benthos. In this case, the loss of significance is

probabl}^ due to tne sudden decrease in Chironomidae at a depth of about 16 m,

combined v/ith relatively small corresponding increases in the abundances of

other taxa.

Suimrary and Conclusions

A stratified random sampling plan was instituted in July 1972. Strata

were established by depth zones in a region in front of the plant and in con-

trol regions to the north and south. Benthos were sorted to generic levels

or lower* Variances were larger than the means, and generally correlated

wxth them, for all zones, which necessitated transformation of the data prior

to statistical analysis. A logarithmic transformation was applied, and was

found to produce approximately normal frequency distributions for several

taxonomic groupings, as well as eliminating correlations between means and

variances. Some of the transformed data were subjected to one-way analysis

of variance, and we found that significant differences in population sizes

existed between depth zones within regions. This constituted strong support

for the intuitive stratification plan, and lent confidence to our ability

to detect differences among benthos populations by statistical methods. Ap-
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parent differences between the same depth zones in different regions raised

the problem of how to compare control and experimental regions when they dif-

fer prior to the "experiment." The statistical validity and persistence of

apparent differences must be examined, and techniques developed to deal with

them, if necessary.
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Section 4. Mysis reliota

This relatively large (up to 3 cm long) "opposum shrimp*' occurs occasion-

ally in benthos samples. It is, however, an atypical benthic animal since

during the day it remains near the surface of the sediments while at night

it moves up into the plankton* Because of its very sensitive eyes and back-

ward-darting escape reaction, similar to that of the crayfish, it is able to

escape capture by bottom grab sriinpie^;^ better than endobenthic animals. Myais

relicta have been excluded from benthos anal^/ses because data on this species

from bottom grab camples are only minimal estimates. Yet its size, its semi-

planktonic habits, and its reported sensitivity to thermal shock require that

it be considered in the analysis of the environmental impact of the plant.

Data from ponar grab saxaples are presented in Table 56, These shrimp

are more abundant and most frequently captured at the three deepest stations

2
in the survey. Most estimates of abundance were between 8 and 55 per m , and

2
the maximum observed was 236 per m . Only one specimen occurred in a sample

from less than 20 meters in depth. From these data, one would conclude that,

at least from April to November, i^fysis rarely occurs near shore, and is not

in serious danger of entrainment. Similar distributions have been observed

by several methods in other populations and lakes during the summer period

of thermal stratification^ Information about this species in the literature,

however, indicates that it spreads into the shallows in winter when no ther-

mal barrier exists. Its absence from grab samples collected in shallow water

could, then, be a result of its ability to avoid capture, combined with low-

er population densities there.

On 11 April 1972, an epibenthic sampling sled was used to collect Mysis

relicta along a transect extending westward from the Cook Plant. The sled

was towed parallel to the depth contours for varying time spans, stirring
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Table 56, Mysis reliota in Ponar grab samples, Cook Plant.

2
Mijsis relicta (No./m )station Depth

(m)

NDC-.25-1 13.3

NDC-1-3 21.1

SDC-7-5 22.3

NDC-7-5 24.8

DC-5 25.1

NDC-2-A 26.0

SDC-A-4 32.2

DC-6 39.0

NDC-4-4 45.0

Jul 70 Sep 70 Nov 70 Apr 71 Jul 71 Sep 71 Nov 71 Apr 72

8.4 ------ -

8.4

8.4

16.8 - -

25.2 - -

- 8.4 -

33.6 16.8 36.3

16.8 25.2 54.5

8.4 42.0 54.5

18.2 18.2

18.2

75.6 8.4 42.0 54.5 54.5

- - 18.2

127.1 36.3 163.4

236.1 18.2 54.3

Table 57, Mysis relicta in epibenthic sled samples, Cook Plant, April 11,

1972. Water temperature measured with a YSI telethermometer,
which had a cable 13.9 m long.

Depth Temp. Tow Time
(min.)

My
(No.

sis reliata
/min. of tow)

6.2 3.2 (Bottom) 5.0 0.2

6.2 3.2 (Bottom) 5.0 4.0

12.4 3.2 (Bottom) 1.0 109.0

24.8 2.2 (13.9 m) 1.0 255.0

24.8 2.0 (13.9 m) 1.0 39.0

24.8 2.0 (13.9 m) 1.0 127.0

24.8 2.0 (13.9 m) 1.0 120.0

24.8 2.0 (13.9 m) 2.3 246.5
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the surficial sediments and entrapping whatever animals occurred in those lay-

ers, or just above bottom. A net with 0,6 mm openings trailed behind the

sled. Although such collections are at best only rough estimates of popula-

tion densities (avoidance was still possible at 1 1/2 knots, the speed at

which the sled was towed), large numbers of i^sis can be collected wherever

they are present by extending the length of the tow.

With the sled, Mysis reliota was captured at a depth of 6.2 meters, the

shallowest sampled just off the Cook Plant* Table 57 presents the results

of all tows. Within the limitations of the sled for quantitative sampling,

it appears that Mysis is rare at the shallower depths

•

In conclusion, it is clear that Mysis relicta does occur at depths which

are shallow enough to expose it to entrainment and heated effluent, at least

in April. The bottom-sampling grab is not capable of detecting its presence,

either because the shrimp is so rare^ or because of its avoidance abilities.

Quantitative estimates of its abundance are very difficult to obtain. Since

it becomes planktonic at night, perhaps the best method of estimating its a-

bundance is to collect it from the lakewater intake system during nocturnal

hours. Its absence from the intake samples of January 1973 (see Section 5)

implies that it is not entrained in large numbers, at least in the daytime.
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Section 5. Benthos in Cook Plant coolin.? water. January 1973

Samples from the intake bay of the cooling water system were sampled

qualitatively with a //IS plankton net. These samples contained sand and ben-

thic organisms in addition to plankton. The occurrence of benthos indicates

that some of the benthos are semiplanktonic and that others are maintained

in suspension sufficiently far above bottom to be taken into the cooling wa-

ter duct. Moreover, certain species in the cooling water may have originated

from the riprap around the intakes, rather than from the open sandy bottom.

Results

Intake Bay Sample (plankton net)

Amphipoda

Pontoporeia affinis - 7. Six were mature males, and one a mature

female. The female and two males had begun to decompose before

collection. Five males could be positively identified as of the

subspecies "brevicornis ," and the sixth could not be determined,

due to absence of antennae. Prior to this sample, only one ma-

ture male had ever been seen in Cook Plant samples.

Oligochaeta

Tubificidae

Lirrmodrilus hoffmeisteri ~ 3. This is a common species through-

out the survey area.

Peloscolex freyi - 1. This is a frequent species in benthos sam-

ples between 8 and 20 meters.
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Immature Tubificidae without hair setae « 22.

Ilyodrilue templetoni - 2. This is the first record of the species

from the survey area. It has no definite indicative significance ,

but is associated with polluted shorelines in the Great Lakes,

Immature Tubificidae with hair setae - 2,

Insecta

Diptera

caiironomidae

Chironomus fluviatilis group - 14 in ins tar III, 11 had died be-

fore being sampled. This larva is common from 4 to 13 m,

Cryptoahironomns **sp, 2 type** - 3 in instar IV« Frequent from 4

to 13 m,

Polypedilum soataenim - 2 in instar II. Frequent from 8 to 16 m

in sunmier,

Paraaladopelma nereis - 1 in instar III. Common from the beach to

6 to 8 m.

Proaladius sp. - 3 in instar III or IV. Abundant from 13 to 25 m

in summer.

Other Fauna

Hirudinea - !• Not Uelobdella stagndlis. May be a new record for

the Cook Plant, Even if not it may be considered a rare form in

the benthos.

Hydra sp. - 9. Frequent in benthos samples.

Triohoptera sp. - 3. At least 2 instars represented. This order

of insects is extremely rare in the survey area.
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DP Samples

The DP samples described below were collected by passing water, pumped

from the intake forebay by a diaphragm pump, through a //lO plankton net sus-

pended in a water filled barrel.

DP-

3

Oligochaeta

Lumbruculiidae

Sylodrilus heringianus - 1. Usually found deeper than 12 m,

Tubificidae

Immature Tubificidae without hair setae - 6.

Chironomidae

Chironomus fluviatilis group - 6 in ins tar III. Four died before

being sampled.

Paraoladopelma nereis - 3 in ins tar III.

Prooladius sp. - 2.

Monodiamesa bathyphila - 1 in ins tar IV.

Other Fauna

Hirudinea - 2. Not H. stagnalis

DP-

2

Amphipoda

Pontoporeia affinis - 5. All male subspecies brevicomis. One

had died before being sampled.

Oligochaeta

Tubificidae

Linmodrilus profundicola - 1.

Immature Tubificidae without hair setae - 11.
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Immature Tubificidae with hair setae « 6.

Naididae

Figuetella michiganensis - 1,

Chironomidae

ChivonomuB fluviatilis group - 2 in ins tar III.

Procladiue - 3 in instar III« One died before being aampled.

Other Fauna

Hirudinea - 1« Not IL stagnalia.

Hydra sp. - 2.

Inferences

The absence of Pisidiun indicates that soxiie winnowing does occur, and

that only lighter species will be taken into the coling water, tisidium

generally occurs along with Oligochaeta,

Several forms, due to their disproportiouatel\ high frequency^ appear

to be mor€^ liable to occur in the water above bottom than other benthos

s

Pontoporeia affinis males and Prooladius and Chironorrrus fluviatllis-group

larvae* The last of these three forms is the only surprising one^ in that

Chironomus larvae generally occur in the plankton only at night and just be-

fore pupation (late instar IV)

.

Several forms indicate the contribution of stable, hard bottoms to these

suspended benthos: Hydras Trichoptera and Hirudinea.

The frequency of P. affinis mature males shows that this must have been

near the main reproductive period for the species , for mature males are very

short-lived.

The fewer numbers of benthos in the **DP*' (pumped) samples probably re-

flect a smaller volume of water sampled. No difference in depth of sampling
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existed among the three samples. It is not possible from available data to

calculate the density of benthos in the cooling water.

The frequency of individuals which had died prior to collection reflects

either the harsh conditions existing in the intake ducts or the greater ten-

dency of dead animals to be suspended in the alongshore currents. The rate

of non-'predatory mortality of benthos in the shore zone is unknown.

The presence of several elements of deeper-water benthos associations

suggests that winter migrations or transport by upwellings or onshore cur-

rents were occurring during the sample period. These elements are Monodia-

mesa^ trocladius y and Stytodrilus.

A. 8 Study of Local Fishes

This segment of the annual report has been published under separate cover

as Part XII of this report series:

Studies of the fish population near the Donald C. Cook Nuclear
Power Plant, 1972. March 1973. D. J. Jude, T. W. Bottrell,
J. A. Dorr III, and T. J. Miller. 115 p.

A. 9 Suppopt of Aerial Scanning

Under our contract with Indiana & Michigan Power Company, we are obli-

gated to "ground truth" in the surface water of Lake Michigan whenever the

company decides that overflights carrying remote sensing systems are desir-

able. We are ready to provide this service on demand accompanied by adequate

lead time.
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A. 10 Study of Entrairment and Impingement

This is ai. addition to tLe aimnal report » The study of the effect of

entrainment and impingem -at is in the prelirrdnary s cages « Sanipies have been

taken and are being analyzed uc dpte.rmine zhe validity of the techniques we

anticipa=.e using foi this port ;,-':^n .)!: the study, A very short description of

what is '-planned is piov:..*.,i "f'-^- but ^.'•'.es-- •otmnents sr.ou'...d He regard.^d as pre-

liminary and changes should be anticipated as the progress of this work con-

tinues.

rrelimin^iry i,nv...sli g^iticnb o' u:;-- --'-re..Ch ^^f ^ ^ ^iraivinner-t -f ^iving or--

ganisms in the open circ\:,lat ing cooling system -A^ere initiated ir Januarv 1973.

The investigations are directed towaras cha fo'll(y-)ia)^ bt.oiogical groups: ben-

thos, fishes, phytoplanktoji ^nci ^iDplaiiktoi « Atceidpcs will be made to '-iscer-

tain whether nnecbanical dai/i.^ge occurs cu.:\ to w^hai t^xrent it oc-^urs* determin-

ation of possible mocbaaicc;! ^i:.-iage during cold w.a cr circulation in the cool-

ing system should providi. the cpportunxLy to see what the rr^sulcant thermal

effects may be cnce the Donald C. Cook Plant goes on liner.

The entrainraenc studies on fish incjude adult, juvenile, larvae and eggs.

The ex}:^t:lng traveling screens can be e^:ii.:^cL.jd to cause almcst 100% ::iortality

of all fish large enough to be entrained on the 3/8'' mesh of the screens. A

comparable mesh to tnat ju the traveling screens has oeen installed in trash

baskets which fil>cr the wash water ivoii. the traveling screen. Initially all

fish caught in this basket will be examined but eventually mibsampling of the

collected fish may be necessary. Fish larvae and egg collections are to be

made by filtering water provided by diaphragm pumps pumping from, the intake

bay in front of tne traveljag screens through # 3 plankton nets.

The zooplanktcn studies on entrairmient have progressed further than oth-
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er portions of this work to date. Additional information on zooplankton en-

trainment is found in this report in A. 5. The general procedure of the zoo-

plankton study is suramarized below. Samples are collected by diaphragm pumps

and a //lO plankton net. Work is being done to determine the horizontal and

vertical distribution of zooplankton in the intake forebay. Distributional

information thus derived will be used to determine sampling depths and loca-

tions for fish larvae and phytoplankton. Techniques to measure viability of

zooplankton before and after entrainment are being tested.

Phytoplankton samples are collected by volumetric sampling of intake

forebay water from the discharge of the diaphragm pumps. Viability of phyto-

lankton before and after entrainment will be determined by C , productivity

comparisons.

Preliminary benthos samples have been taken and are reported in A. 7 sec-

tion 5 of this report.

Sampling frequency investigations are planned once the open circulating

water system commences to operate. Sampling frequencies will depend on the

results of these investigations and on external requirements.
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B. SURVEYS OF EXISTING WARM WATER PLUMES

During the past years we have spent a good deal of time and energy in

conducting surveys of existing warm water discharge plumes from existing

power generating stations. If desired, this program could be continued; we

believe, however, that since we have already surveyed the plumes of all the

major power stations on Lake Michigan, the emphasis and manpower should be

transferred to the rising numbers of biological problems directly related

to the Cook Plant and its environs. To that end, this section on surveys

of existing warm water plumes is considered FINISHED.

C. THE ICE BARRIER AT THE COOK PLANT SITE

As in previous winters, studies of the ice barrier at the Cook Plant

and in other areas were conducted by foot surveys and by aerial overflights.

During the winter of 1972-1973 they were supplemented by fixed-position t5.me

lapse photographs.

Foot surveys of shore ice conditions at the Cook Plant were carried out

on 20 December and 27 December 1972, and on 3 Januai-y, 6 January, 12 January,

19 January, 31 January, 15 February, and 22 February 1973. Aerial surveys

of ice conditions along the southeastern shore of Lake Michigan were conduct-

ed on 27 February and 9 March 1973. The automatic time lapse monitoring cam-

era was put into operation at the Cook Plant on 27 December 1972. The camera

repeatedly photographed the same area of shoreline and nearshore water immedi-

ately to the north of the plant. With one breakdown, the camera operated
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continuously from 27 December until breakup in March. During the camera

breakdown, comparable pictures were taken by plant personnel, to whom our

thanks are tendered.

D. EFFECTS OF EXISTING THERMAL DISCHARGES ON LOCAL ICE BARRIERS

Foot surveys of the plume areas of the Palisades and Campbell plants

were made on 11 January. Our overflight of 27 February covered the plumes

of the Bailly and Michigan City plants of NIPSCO and the Palisades and Camp-

bell plants of Consumers Power. The overflight of 9 March covered the plume

areas of Bailly and Michigan City.

A report of our 1972-1973 winter operations will be prepared when pro-

cessing and analysis of photographs and field notes can be completed.

E. EFFECTS OF RADIOACTIVE WASTES IN THE AQUATIC ENVIRONMENT

E.l Garrma Scan of Bottom Sediments

This section, which we early recognized as a desirable part of the Cook

Plant preoperational survey program, has been taken over and in large part com-

pleted by Dr. Philip Plato of the University of Michigan School of Public Health.

In view of his successful efforts, and in view of rising demands upon us for bi-

ological studies directly related to the Cook Plant and its environs, we consider

that, so far as the Great Lakes Research Division program is concerned, this

section of the work plan is FINISHED.
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E.2 Benthia animals as monitore for the aoovrrcu'Lation of radioidotopta wastes

in the biota of coastal Lake Michigan.

S. C, Mozley

Introduction

An experiment was designed to measure tne relative reconcent ration of cer-

tain metallic radionuclides by animals under conditioris which approximated the

natural environment. A variety cf oeBLh,I.c. niacroinvertebrates was exposed to

five radionuclides so that the most sensitive monitoring animal for each could

be distinguished*

Criteria for selection of tlie monitoring aninial or animals should includes

1) ability to accumulate a radionuclide trom the aqueous phase a-

gainst a concentration gradient of sevc-.ral orders of magnitude;

2) continuous abundance at the depth of t^.e outfall in southeastern

Lake Michigan; and,

3) simplicity of collection and ease of concentration irom the sed-

iments in large quantities

«

Benthic macroinvertebrates were seiek^ced for this study because thaii

populations are more stable in time and space than 7;joplanktori ana phytoplank-

ton, and they move about much less than fish* No macrophytes have yet been

found growing in the survey area*, The only unexaiained potential groups of

monitoring organisms are the algae and animals which develop on hard substrata

such as stones and wood,

A variety of radionuclides are released into the coolant water of nuclear

electrical generating stations. Most of these are present in very minute quan-

titles and probably represent no direct hazard to the benthos or benthophagic

animals. Some however, are important to living cells and are accumulated from
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the environment against a concentration gradient. Since only a few radionu-

clides can be studies efficiently at one time, those of known or suspected bi-

ological importance, which disappear only slowly from the environment by radio-

active decay, and which are easy to distinguish quantitatively in mixtures were

chosen for these experiments.

The Palisades Nuclear Power Plant of Consumer Power Company, a new plant

of similar design to the Donald C. Cook Nuclear Power Plant, has been releasing

radionuclides into Lake Michigan for about a year. The major components of

its radioactive wastes and its release of the elements studied here are listed

in Table 58. Isotopes of Hydrogen (H-3), Cobalt (Co), Chromium (Cr) , Xenon

(Xe) and Iodine (I) were most abundant. Millicurie amounts of Cesium (Cs),

Manganese (Mn) and Zinc (Zn) were also released, but only insignificant quan-

tities of Barium (Ba) and Cerium (Ce) appeared in the effluent. Chromium and

Iodine have relatively short-lived isotopes, and tritium is generally assumed

to be diluted rapidly by natural hydrogen in the water. Cobalt would have

been a good object for study, but our supplies were exhausted in preliminary

experiments. Sodium (Na) was released only initially from Palisades and a-

mounts in the last three quarters of 1972 were negligible.

None of the beta-emitting isotopes were studied because of the necessity

for more involved procedures and completely separate counting apparatus. The

five radionuclides which were included in the present study are strong alpha-

emitters with distinct peak energies, and they can be counted simultaneously

on a low resolution Nal crystal detector.

Methods and Materials

The experiment was conducted in triplicate in 3.85 1, wide-mouthed glass

jars with lake water which had been filtered during collection through a #28
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Table 58 . Palisades Nuclear Power Plant; 1972 liquid radioactive e

4i<^ Millicuries
TvTC

Radioisotope 1st Qtr 2nd Qtr 3rd Qtr 4th qi:r

Ce-144 0.0 0.058 0.005 0.0

Ba-133 0.0 0.0 0.0 0,0

Cs-137 0.017 1.52 11.8 0.99

Mn-54 4.2 2.8 31.1 53.8

Zn-65 0.0 0.004 0.06 3.8

Other Major Isotopes

Cr-51 2.027 39.3 220.4 1,,512,7

Co-57 +58+60 70.27 85.53 329.3 2,,745.3

Na-24 15.8 0.G22 0.10 0.0

1-131 + 133 69.1 42.73 97.6 37,03

Xe-135 + 133 64.0 277.7 881.9 651.7

(H-3 excluded, very abundant)

Fe-59 0.26 0.94 12.0 53.8

Zr-95 0.32 0.92 2.2 28.1

Nb-95 0.07 1.8 2.3 V^.8

Sb-124 0.0 0.81 0.35 8.1

From Consumers Power Company Palisades Plant. Semiannual operations report.
No. 4. July l«December 31, 1972.

For 1972 most abundant radionuclides were Cr-51 (2.8 Curies), Co-58 (3.2 Curies)
H-3 (120 Curies), Xe-133 (1.8 Curies), and 1-131 (0.2 Curies). 0.3 Curies of
unidentified radioactive material was also released.
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phytoplankton net. Sand with a grain-size range between 0.125 and 0.500 mm,

and washed thoroughly in lake water, was added to each jar to the amount of

250 ml (settled wet volume). The jars .were held in incubators in the dark

with continuous aeration by bubblers. Incubator temperatures during the ex-

periment varied between 11.0 and 15.7° C.

Figure 62 shows the progression of a temperature rise which occurred dur-

ing the experiment. The incubators were being maintained at a positive dif-

ference above outdoor temperatures. When unusually warm weather occurred dur-

ing the experiment the incubator coolers malfunctioned and the internal temper-

atures rose. This rise may have caused part of the mortality of Sphaerium nit-

idum and Pontoporeia affinis during the experiment, as they prefer cooler hab-

itats. It may also have interfered with normal uptake by other animals. Never-

theless, the change is well within the range of temperatures for a single sum-

mer day at the depth of the outfall (about 6 meters).

The radionuclides were provided by the suppliers as dissolved, inorganic

ions in HCl. When they were added to lake water, the pH of the total was less

than 1. Before the radioactive lake water could be added to the experimental

jars, it was necessary to neutralize it. This required 350 milliequivalents

of NaOH, and produced a salinity of 0.17 g/1 (= 0/00) above the normal lake

water. The effect of this slight increase in salinity on the experimental an-

imals was not lethal, but may have reduced their tendency to accumulate inor-

ganic ions from the water somewhat. Neutralization of the radioactive lake

water occurred four hours before it was added to the jars, which may have al-

lowed some of the radionuclides to form colloidal-sized or larger particles

before they came in contact with the animals.

Eleven kinds of benthic animals were included in the experiments (see

Table 59). Some of these kinds included several species which cannot be dis-
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Figure 62. Variation in incubator teasperature during the experiment.

Temperatures were measured when water sample*-: were taken.
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Table 59, Survival of animals during the experiment. (Conversion
factor to ///m2, for jar with diameter 15 cm: 56.5)

Taxon # at t=0

Lynmaea spp. 17 (x3)

Valvata spp. 11, 11, 12

Sphaerium nitidum 23 (x3)

S. striatinum 1 (in A)

Pisidium spp. 28 (x3)

Oligochaeta 50 (x3)

Hetobdella stagnalis 3(x3)

Chironomus anthracinus-gr. I(x3)

Tanytarsini sp. 50 (x3)

Procladius spp. 2, 3, 3

Pontoporeia affinis 12, 11, 11

Mysis reticta 1, 1,

# Counted # Shells Recovered

17, 17, 15

11, 10, 12

16, 14, 18

1 (from A)

23, 32, 34

34, 39, 49

1, 3, 3

l(x3)

30, 8, 9

2, 3, 3

6, 7, 6

0, 0, 2

0, 1,

5, 7, 5

6, 4, 6

1 or more lost in sieving

18 or more lost in sieving

no trace remained
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tinguished at the macroscopic level. Oligochaeta included Stylodrilne heri.ngi^

anus and several species of Tubificidae. Lymnaea^ Valvata^ Chironomua anthrax

6'inz^-group, and Proctadius may have included two cr more species each. Pis-

idium included several species. The species Pontoporeia affinis was represent-

ed by a wide size range of specimens, including some as small as 3 mm long and

one gravid female.

To compare the final radioactivity of sand and water with animals, all

counts were adjusted to similar units of weight or volume. The common basis

for animals was one gram, formalin wet weight. The weights of the animals of

each kind in each jar were determined at the end of the experiment on a Met tier

balance to the nearest 0.1 mg. The radioactivity of a set of animals was then

divided by its wet weight expressed in grams.

The numbers of each kind of animal introduced into the jars at the start,

and the numbers recovered and measured at the end, are given in Table 59. The

densities of animals in the jars at the start were within ranges of densities

found in the lake. Prior to the experiment, the animals had been held for

four months at 10 ~3 C in the dark in natural lake water and sediments.

The experiment lasted 14 days. Wbien the radioactive lake water had been

thoroughly mixed in the jars, 3 ml samples of water were drawn from the sur--

face at time 0, time 14.5 hours, and 24 hours, then at one-day intervals there-

after. At time 14 days, the water and sand were poured through a 0,6 mm sieve

and the entrapped animals were sorted by kind to be measured. The sieved sand

was rinsed once in non-radioactive lake water and a 3 ml sample of sand was

transferred to a counting dish. Interstitial water and radionuclides weakly

adsorbed on sand, jars or animals were not measured.

Since sorting the animals took 2-3 hours for each container, and since

they were all held at least one hour in non-radioactive lake water, they had
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some chance to egest radioactive materials In their guts and exchange radio-

nuclides with the water physiologically. This period was not long enough for

complete egestlon of materials In the gut or attainment of physiological equil-

ibrium. It does represent however, the sort of delay which will be likely be-

tween collection and transferral to counting dishes of monitoring organisms

In the field.

Animals, sand, and water were counted In 5 ml plastic petrl dishes on a

"2 X 2" Nal-Th detector connected to an ND-555, 128-channel analyzer. Counts

In each channel were printed by a teletypewriter. Five channels around one

peak for each radionuclide were summed, backgrounds were subtracted, counts

In the peak region due to other radionuclides were subtracted by the method

of simultaneous equations (derived from individual standard spectra with the

same geometry and counting apparatus), and counts were corrected for radioac-

tive decay to 19 February 1973 (day 0). Concentration ratios were calculated

for sand and each kind of animal in each replicate by dividing counts per gram

of animals or per milliliter of sand by the counts per milliliter in the water

at the end of the experiment. Since the animals were mostly in more direct

contact with the sand than the water, counts per gram for each animal were

divided by the counts per milliliter for sand. Some sets of animals covered

the bottom of the dish (e. g., Lymnaea^ Sphaerium nitidum) , while others were

small enough to fit into a 0.5 ml drop or less. Accordingly, separate stan-

dards of radionuclides were counted with both 3 ml and 0.5 ml volumes for de-

termination of the coefficients for the simultaneous equations. The analyzer

was calibrated to linearity at 10 kev/channel at least once every four hours

during measurements, and a fresh background spectrum was determined after each

calibration. Background and samples of low radioactivity were counted for

1,000 seconds, but more radioactive samples were counted only long enough to
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obtain clear definition of all the peaks on an oscilloscope screen, sometimes

as briefly as 350 seconds. No attempt was made to determine absolute activi-

ties, since relative measures were sufficient.

Results

The couuts determined by the method of slAaultaneous equations in the

peak region of each radionuclide are givers by sample, unadjusted for decay
^

in Table 60, Although the actual counting interval was 1,000 seconds (see

methods section), the counts are reduced for compact presentation to the e-

quivalent counts for 10 seconds. Count totals less than 1 per 10 seconds

(100 per IjOOO seconds ^ or 20 per channel per 1,000 seconds) were statistically

unreliable* The limit of detectability la thu procedure was about 10 - 2C

total counts per 1^000 seconds, Spkae^-'i '41'' e t-pi at iymri was present in only one

replicate* The bottoin three rov^s of entries in che cable are the sizes of

the samples which were actually counted^ in milliliters for sand and water

>

and in milligrams for animals* The weights of animals are those actually re-

trieved from the jars and counted*

Tao'I:^ 59 shows the relation ofetween the numbers put into eacn jar and

the number retrieved and counted for each kind of animal. Losses during the

experiment were heaviest for Sphaeriwn nitidwn (most shells recovered), Fonto-

poreia^ Oligochaeta and Tanytarsini sp« The last two kinds of animals may

have suffered some aquarium mortality, but the greatest loss (as always) occur-

red during sieving — some specimens were unavoidably discarded with the

waste sand. Numbers of Pisidium increased during the experiment,, presumably

from the releasing of young clams (they are viviparus) which were already de-

veloping before the experiment began. A few Pontoporeia may have escaped through

the sieve, as well, but this species generally suffers heavy mortality in culture.
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ô
CO rH
iH CO

Q) cO •H
r-i 4J

^ •H •H
CO a aH CO •H

I

c
N3

^
CO CO CO o^

CO
rH

I

CO

u

CO
CO
rH

I

CO

PQ

ro CO ro

C*^ CO CO

rH
I

0)

CJ

I
r>- rH O

CJ iH V CN

_MH rH O
pqi csi V in

I <N

<J| VO rH ON
V <t

VO V rH

CO rH <•
r^ V CNo

I
CO rH vO

<3| Cs| V vD

U

PQ

U

pq

u

pq

CO
00

C7N

in

in
in

in

Cv4

CX)

CO

rH
in

CN

00

O
CO

CO

CO
CO

O

vD

vO

in

o
CO
Cvl

CO
in
00

00

00
00
00

o
CM

in
00

O
CN

00

o

OS

CN
CO

in
CN

CM

o

00

CO

00 rH

00 r^

r^ in

in r-^

CO

ON
in

00

CM
CO

in
CO

CM

in

CO
o

in

in
m
vo

in

o

o <f
in CN

in cjN

fH 00
<r 00

VO ON
in CO

in
00
CO

00 CM
as o
rH <r

<r in
vo in
CN <t

00 CM
CM ON

CM in

CM CO

CO
MD

as
00
-4-

O r^ O v£>

O CO vO O
CO in <r <"

00 00 00 <r
CJN 00 CN vO
<1- 00 CN CN

r^ 00 <t
00 CO CN

r-^ CM

o v£) m
CJN O 00

O vD CO r^
<t vo r^ <f

CO
CM

r^ r^ in

CO rH r^ r^ in
CO rH rH

O r^ 00 -^ o
CN CN rH

CO

00
CM

in

00
CO

o
in

CJN

iH
rH

V
CO rH

V V

o 00 as CO
V

CO
V

r^

o
rH

CO
r-H

r- rH
V

<r
?

rH
V

in
in

00
CM
1^

1^
CO

T-{ CO o
CM

r^ vO

CN
in

C^ <r S rH
V

o

CO
rH CM V V

00
CN V

rH

in
CO
rH

as 00
in
CM

CO 00
in

CM 00
rH

CN
OS

vo
CN

•<r in as rH CJN

CO 00
as
CN

CO CO o
CM
CM

CN as

CM
rH
rH

O
as
CO

vO

CN

CM ^ as rH vO
CO

a\
in
o

CO
CM

rH vO 00 r-A CN
in

CM
in
CM

CM CM r-\ o

00
vO
CN

CN
in

CN
CO
CO

CM CO
CO

rH
\o
CM

in
CO

in
in
CN

CM
CO

00

CO

in 1^
CO

00o
CN

CO
in

Oo
rH

CO
H

CM <f in
rH
CO

rH r^

/"><, • bO
CO CU •

1

>^ ^ a. CU CO • •

CO ^ CO CU CO 3 CU fX
T3 ^ • CO •ri CJ CO CU CO

• • ^ •^ a. CO ;<i •H CO •v^
y-s <r a. CU ^ H^ CU rH CO M a •H $^o rH (X a. '~C5 CO rH 4J ^ CO d CO :^

11 !l CO CO •^ •^ Q) (U ^ u •H ;:?
J+-^u u 4^ Jl^ ^ ^ CO ^ rC CO •^ ^

^wX s.-x ?3 « •^^ H^ S CO XI H-^ u u ^ «
Q> 4^ ?:! CO •t^ o CO a CO ?3

u M CN « "^ >^ o CO +J r^ •

Q) (U Td ^ pi • • •^ u CxO • >^ O +i
4J u c ^ \-^ t^ r^ CO CU •H r-i • c O ^
CO CO CO s> « Cl4 j:x.

•^ B rH Ci) rs! CO

& o
IS :^ C/D ^-::i ^ ^ CO f^ w O 155 Cj H fx,

•

CO

txO

CJ

CJ •H
o M
•H CJ
4J Ti

• CO

CU CO

a cr M
o CU CU
4J 00
O CO CJ

CO :3 CU

•H o >
CU CO

x: a a
o CO CO

CO 4J
CU rH u

CJ o
u
o •H >^
UH CO CO

a
^ M-l CU

CO O Td
CU

CUnd >^
o XI

CU x:
a +j TJ
o 0) CU

B >
Td o
a <u B
:d x: 0)

o 4J u
}-l

CO XJ CO
4-J CO

• CO •H :^

CO r-{ :5

rH CU x:
CO 0) CO

B a Tj CU

•H CO CO ^
a x: B U-l

CO a
CU CU

u in >-i CO

o CU o
IH MH ^ x:

o tJ
00 CJ

B o T3
d •H CJ

C CO 00 CO

•H CU

CU V-i T3
XJ u CU

CU CO ^ •H
CO CO TJ
CO CO CU

0) 4J a x:
u CJ o
CU Id <v •H
X o x: x:
(U CJ 4-J :^

+J CJ CO

x: • •H Td
bO TJ o
«H CJ CO CU
(U CO (U o
:^ CO CU u

o u
dM ncJ 4J CO

'Td CU o CO

c: rH CO CD
CO 4J •H
CD u -0

CU ^^ CJ
Td CO 0) CO

CJ x:
CO •0 u <D

4J o CO

u CD TJ
CU ^ >. •H
4J Xi •H
CO g U
^ o CU (U

u o CO

u m CJ x:
o CU a
IW TJ M ^

CU CU

rH M IH B
B CJ M o

CO CU M
C CO 4J M-4

•H (U C
•H CU

nd u
CU CO M Q) .

CO CO O :5 4J

CO ^ iW CJ
CU CO CU

u CU CO rH B
CU B CJ rH -H
X :3 o CU V4

CU iH •H XJ CU

o P CO CU
0) > O X
B CU >^ CU

c» nd u U
rH CJ u CU CU

o CO o B x:> C/D CJ Px3 4-»

.9^A-



especially when the temperature rises as high as it did in this experiment.

The five radionuclides decreased rapidly in the water during the exper-

iment. Manganese -54 (Figure 63) underwent nearly constant exponential decline

to the limits of detectability by day 5,

Zinc -65 (Figure 64) decreased steeply in the first 15 hours, then declined

nearly exponentially from then until day 6, when the exponential rate of decline

decreased, and dropped below the limits of detectability by days 11-14,

Cerium -144 (Figure 65) decreased nearly exponentially to day 3, then

changed to a slower exponential rate of decrease. Only 1 - 3% of the original

concentration remained at the end of the experiments

Ninety percent of the original activity of Mn-54 and Ce-*144 left the wa-

ter by day 2, and 90% of Zn-65 was gone by day 4. The original activities of

Ce-144, Ba-133, and Cs-137 were over 10 times as high as that of Mn-"54 or Zn-

65.

Barium -133 (Figure 66) had the slowest exponential rate of decline over-

all, and the exponential rate remained nearly constant after day 4. As a re-

sult of its slow removal from the water, about 25% of the original concentra-^

tion remained on day 14.

Cesium -137 (Figure 67) was similar in pattern to Ce-144 but the expo-

nential rates of decline were faster so less remained in the water by the

end of the experiment (more than 5%),

None of the radionuclides reached equilibrium by day 14, except possibly

Mn-54.

The ratios of radionuclides in the sand and animals to those in the water

on day 14 are presented in Figures 68 - 70, The ratios could not be calculated

for Zn-65 or Mn-54, since measurable amounts were not present in the water on

day 14.
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Sphaeritm striatiniffn, (fingernail clam), Helobdetla (leech), and Chironomus

and Prooladius (dipteran larvae) were poor concentrators of Ba-133 (Figure 68),

Sand, Lymnaea^ Valvata (snails), Sphaerium nitidum (fingernail clam), Oligochaeta,

and Tanytarsini (dipteran larvae) were better, with ratios between 20 and 80

to 1. Best were Pisidium (tiny fingernail clams), empty shells (including those

of Pisidium^ S. nitidum^ Valvata and Lymnaea) ^ and Pontoporeia affinis (fresh-

water shrimp). Variability among replicates was large for these three categor-

ies, especially for empty shells and Pontoporeia^ but there was little varia-

tion in ratios from different jars among other taxa. The concentration ratios

for Ba-133 were low in general compared to those for other isotopes.

Cs-137 (Figure 69) was barely accumulated by Helobdetla and Prooladius,

and moderately concentrated by other taxa and sand (ratios mostly between 50

and 250 to 1.) Pontoporeia developed a ratio over 350:1 in jar C. The best

concentrator overall was the Tanytarsini larva, with a ratio of around 700.

These ratios were higher than those for Ba-133, but still rather low.

Ce-144 (Figure 70) was concentrated less well by the Sphaeriums , Eeldbdella^

and Prooladius (ratios less than 400:1), and best, again, by Pontoporeia in jar

C and Tanytarsini. Extremely high concentration ratios were developed by Tany-

tarsini in jars B and C, in excess of 14,500:1. Other taxa and sand exhibited

ratios between 500 and 2,000.

Ratios of the radioactivity per gram of animal to the amount per milliliter

of sand are also illustrated in Figures 68 - 70, and in Figure 71 for Mn-54 and

Zn-65. Only those taxa which were the best concentrators in comparison to the

final concentration in the water developed ratios above 5:1 in relation to sand

(see Table 61). For Ba-133 (Figure 68), these were Pisidium, empty shells, and

Pontoporeia, in that order. Tanytarsini and some sets of Pontoporeia^ Valvata^

and Oligochaeta concentrated Cs-137 above the amount in the sand (Figure 69).
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Table 61. Animals which concentrated each radionuclide in relation
to sand by 5:1 or more. The third column is the number of replicates
in which this criterion was met. The concentration ratios are listed
in the fourth column.

No.
Radionuclide Animal Repl. Cone. Ratios

Ce-144 Tanytarsini sp. 3 22.5, 9.1, 29.3
Pontoporeia offinis 1 5.9

Ba-133 Pisidium spp. 3 6.9, 6.5, 9.2
Empty shells* 2 6.4, 7.3
Pontoporeia affinis 1 5.1

Cs-137 none (2 replicates of Tanytarsini developed
ratios over 4)

Mn-54 Valvata spp. 2 7.2, 6.5
Empty shells* 2 6.1, 6.7
Tanytarsini sp. 3 18.3, 7.0, 20.0
Pontoporeia affinis 1 7.9

Zn--65 Valvata spp. 3 21.3, 11.4, 24.0
Pisidium spp. 3 9.0, 5.3, 11.1
Empty shells* 2 11.2, 9.0
Tanytarsini sp. 2 8.9, 9.7

See text
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More taxa were able to concentrate Ce-144 (Figure 70) above levels found in

the sand, and Tanytarsini and Pontoporeia in jar C developed larger ratios

than for Ba-133 or Cs-137. Lymnaea^ Valvata^ Piaidiim^ empty shells ^ Tanytar-

sini, and Pontoporeia all concentrated Mn-54 (Figure 71a) above levels found

in the sand, but Tanytarsini clearly concentrated It most. All kinds of ani-

mals except Procladius developed higher Zn-65 radioactivity (Figure 71b) than

the sand, but Helobdella and Chiranomus just barely did so. Piaidium^ empty

shells and Tanytarsini concentrated moderate amounts, and produced ratios of

2 - 11 to 1 over sand. Valvata was the most effective concentrator, however
j,

with a ratio of 24:1 in one replicate. Only the concentration of Ce«-144 by

Tanytarsini exceeded this ratio

^

Discussion

The sizes and kinds of animals subjected to radionuclide solutions ^/ere

less than ideal in some respects* Kidd (1970) provides data which indicate

a highly significant difference between uptake by sHkall and large Pontoporeia

affinis for Sr--85, Mn-54, and Zn-65. Insufficient material was available In

the present experiment to test both smaU ar-i large individuals of Fontopoveia

separately. The experimental sets of animals did include a few large animals

along with the small ones, however. The presence of several more large ani-

mals in jar C than in the other jars could account for the elevated uptake in

that jar. The lone Sphaerium striatinidm in jar A cannot have provided adequate

information about the uptake of this species.

Tlie deaths of large proportions of both Pontoporeia and Sphaerii4m nitidum

indicate that uptake conditions may not have been ideal for these species. The

route from dissolved ions through phytoplankton to filter-feeding benthos was

not present in this system, but it could be a very important one* Suspended
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particulate organic sources of radionuclides would probably have increased the

uptake by all the sphaeriids (fingernail clams), Chironomua ^ Tanytarsini, and

Pontoporeia. Kidd (1970) found that radionuclides in the form of dead algal

cells were much more readily taken up by Pontoporeia than those in the dissolved

state. Nevertheless, considerable uptake occurred in several species, and

some kinds of animals appeared to thrive in the jars.

The complete removal of flesh from dead mollusks, and rapid disappearance

of the dead Mysis indicated that very active predators or scavengers occurred

among the animals in the jars. Only Procladius and Helobdella are definite pre-

dators, however, and their accumulation of radionuclides was much less than

other kinds of animals. Perhaps the snails or Tanytarsini fed on decaying

flesh.

The patterns of disappearance of radionuclides from the water suggest that

several processes occurred during the experiment. Ce-1A4 had the most complex

pattern. This element is not very soluble in water, especially at pH's near

neutrality. Its low ionic concentration could have led to the formation of

particles with a wide range of sizes. Immediate precipitation of larger part-

icles would then have removed much of the radioactivity due to this isotope,

and persistence of colloidal particles in uneven suspension could have produced

some of the irregularities in its rate of decline and differences in rank order

of the three jars. The final, slow rate of exponential decline could be due

to uptake by adsorption on the glass and sand and incorporation into animals

and microbes growing at the water-solids interfaces. Some form of co-precipi-

tation with Cerium or other particles which formed as a result of changes in

pH and salinity could explain the initially rapid decreases in all of the ele-

ments. The later slower rates of decline are attributable to processes simi-

lar to those which were described for Cerium, as well as to the normal move-
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ment toward chemical equilibrium with other Isotopes of the elements In the

system. The complete and rapid disappearance of Mn~54 over five days suggests

that some active accumulatory process for this element existed In the jars.

Manganese (and Iron) typically form encrustatioas on sand grains and some

sphaerlld shells which. In some parts of Lake M:!chigan, develop Into manganese

nodules. These encrustations have a high affinity for other Ions, so this

process may account for much of the removal of radionuclides from solution,

and for the high concentrations In sand and clams. Whether It Is a purely

geochemlcal process, or Involves bacteria or fungi has not been established.

Zinc was concentrated to higher levels by more kinds of animals than other

Isotopes, Its concentration by marine organisms is well known, and Kldd (1970)

previously observed that Fontoporeia concentrates it«

In general, the tendency of a radionuclide to remain dissolved or sus-

pended in the water was negatively correlated with the tendency of benthos

to accumulate it to higher levels than occurred in the sand. Even though large

amounts of barium and cesium were present in the sand, few animals concentrated

these elements further.

Those kinds of animals which accumulated the most radionuclides are be-

lieved to feed upon settled, fine detritus and microbes growing on solid sur-

faces. The snails grazed the glass walls of the jar. They probably took up

more radionuclides in the jars than they would in the lake, because of the

special surface provided by the glass for adsorption of radionuclides. Ponto-

poreia is believed to feed on detritus filtered from the water or stirred up

from the superficial sediments, Tanytarslni build tubes which lie on the sur-

face of the sand, and pump water through them constantly. They probably eat

fine particles which become entrapped in the mucus with which they line their

tubes, or they may scrape surface growths from the sand grains. The Sphaevivm
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nitidum may have fed less than normally, because of elevated temperatures,

so in the lake they might take up more radionuclides. The Oligochaeta feed

below the surface of the sediments, away from the highest levels of radioacti-

vity. Their uptake may have been suppressed in the experiments because of the

intentionally coarse grain size of the sediments — ordinarily they prefer

silt and clay-sized material. The weak uptake by predators indicates they

were not feeding during the experiment.

A considered recommendation of the relative usefulness of these kinds of

animals as biological monitors of radionuclides must incorporate the availabil-

ity of the animal in the environment, i. e, , the constancy of its populations

and its abundance in the vicinity of the outfall.

No animal is very abundant near the outfall, A mixture of Chironomidae

and low numbers of Pontoporeia ^ Oligochaeta^ Tisidium^ and Sphaeriian striatinum

characterize the benthos at depths from 6 -- 10 meters. The Chironomidae have

the disadvantage of being difficult to collect in large numbers because of

their small size and burrowing habits^ and they are so siiiall for much of the

year that efficient collection is practically irapossible* Sphaeriidae^ Gast-

ropoda, and Pontoporeia are easier to collect.^ for they can be stirred out of

the sediments and washed clean of sand in a relatively simple epibenthic sled

bearing a coarsely meshed net. Large amounts of material can be collected

,

even at the depth of the outfall ^ with such a sled* Therefore, even though

one chironomid (and not a very abundant species, at that) accumulated many

radionuclides very efficiently, Pontoporeia is much better as a radionuclide

monitor. This amphipod was frequently among the better accumulators in this

experiment. Some variability in its concentration ability is to be expected

in seasons when its population size distributions are large (as in spring) or

small (as in summer)* Other kinds of animals should not be ignored completely,
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however. Chironomidae may still be used for accumulation studies, at certain

times of the year, such as late summer and autumn when Pontoporeia is small.

Pisidium accumulated barium better than most animals.

The affinities of different animals for different radionuclides in this

experiment strongly indicates that at least threui or four kinds of animals he

monitored. These should include Pisidium>^ Gastropoda, Tanytarslni (or other

small Chironomidae) and especially Pcntoporeia.

This experiment also illustrates the teadency of sand to accumulate radio-

nuclides* The sediments themselves may be the best ovfirall i3Qnit:ors ol radio-

nuclide recurrence in the environment, and they should certainly be collected

for measurements.

Finally, this experiment leaves some important questions unanswered*, If

radionuclides are released Intermittently, and exposure of ani!Di^,ls is at Irigh

levels for brief periods ^ some cf tae radionuclidas ttiay dissipate back into

the water from benthos and sediments after the -'slug" of ladicaxtri ve water

passes^ The stability of accumulated radionuclide concentrations in the animals

should be determined. Some elements which are abundant as radioisotopes in

nuclear po-w^er plant \aastes, and which may be concen-cr^' ted hy plants ar^d aniraals^

are Cobalt, Chromium, and Iodine. These should also be studied.

For a more detailed discussion of the uptake of Zn, Sr,, and Mn by Ponto-

poreia^ refer to Kidd (1970).
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